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OVERVIEW
MODULE FOURTEEN
PARALLEL AC RESISTIVE-REACTIVE CIRCUITS

In this module you w1 ll learn about paraliel RL, RC and RCL circuils

and the conditions that exist at resonance.

For you to more easily learn the above, this module has been divided

rnte the following s:x lessons

Lesson | Solving for Quanticies in RL Parallel Circuits
Lesson 1 Variational Analysis of RL Paral.2l Circuits
Lesson 111 Paralle! RC and RCL AC Circu:ts

Lesson 1V Parailel Resonance

Lesson V Effecrive Resistance 1n Parallei RL Circuits
Lesson VI Parallel Resonance Experiment

TURN TC THE FOLLOWING PAGE AND BEGIN LESSON |
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OVERVIEW

LESSON 1

Solving for Quantities o RL Parallel Circuits

In this lesson you v}l study and tearn asbout the following

“review parallel resistive circuits
-parallel resistive-inductive circuits

-me thods of solution of RL parallel circuits

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES
ON THE NEXT PAGE
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LIST OF STUDY RESOURCES
LESSON |

Solving tor Quantities 1n RL Parallel Circuits

To learn tne material in this lesson, you have the option of choosing,

according to your experience and preferences, any or all of the

following

STUDY BOOKLET
Lesson Narrative
Programmed Instruction

Lesson Summary

ENRICHMENT MATERIAL
NAVPERS 93400A-1b 'Basic Electricity, Alternating Current "

Fundamentals of Electronics Bureau of Naval Personnel

Washington, D C * U S Government Printing 0ffice, 1965

AUDIC-VISUAL

Slide-Sound Presentation - '"'Solving for *T in @ Parallel RL Circuit."

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE YOU MAY
TAKE THE PROGRESS CHECK AT ANY TIME.
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NARRAT I VE
LESSON |

Solving tor Quantities 1n RL Parallel Circuits

Revieving Rules for Parallel Resistive Circuits

Several modules back, you learned to solve for quantities in
parallel crircuits which were purely resistive. Now we will briefly
review the rules you used

Rutes

1. Branch resistance controls
branch current.

2. Voltage is common across all

branches.
C(D‘A §“1 §"2 §R3
150V 301} 30{1 3. Total resistance and total

30(]
impedance must be less than

smallest branch resistance or
opposition.

4. Total current equals sum of
branch currents.

Solve for the following quantities n the above circuit:

T & —_—
To find le add the branch currents. Voltage ZT =
is common, therefore, the applied voltage s ERZ =
across ﬁl, and we can determine lRI =

150 v .
| = oT— ] | | | | =
R 30 5 a Similarly R? and R3 R2

are both § a |R3 =
Sa+5a+5a=15a (total current) Pt =
P =

a D
Jl =
PF =

6
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To solve for 2 you ¢an use Chm's Law.

-—— T’
€,
7. = -2
T IT
150
ZT T15 3
ZT = 10

Solving for ER2

As voltage 1s common in a parallel circuit, the voltage drop across
any of the branches is the same as the applied voltage, or 150 volts,

Sulving for Pt

True power can be determined by the P = |2R formula in this
purely resistive circuit | =15 g, RT = 10 , therefore,
Pt = 2250 w or 2 25 kw

Solving for Pa

Apparent power in a purely resistive circuit s equal to true power.
You can prove this by the formula P_. = € x t, P_ = 150 v x I5 a =

3 3
2 25 kw

Solving for Px

Reactive power 1s not present 1n a purely resistive circuit
Angle Theta

In a purely resistive circuit. /= 1s zero because E and | are in
phase.,

Power factor

You know that the power faclor in a purely resistive circuirt s
unity, or 1.

What would happen to total current in the parcllel
circuit we have been analyzing f frequency were
doubled?

You should know the answer is nothing. Currcnt 1n parallel circuits
1s determined by branch resistance, and frequency usually does not
affect the value of carbon (except for some skin effect at extremely
high frequenciex)
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Parallel He . vstive-Inductaive Circuits

Wher sclving purely resistive parallel circuits, branch currents

are added Jdrirectly because £ and | are in phase. In circuits con-
taining both resistive and reactive components, £ and | are
no longer 1n phase In an RL parallel circuit, for example,

|T cannut be determined by directly adding branch currents because
the current through the resistive branch is 1n phase with the
appiied voltage, while the current through the 1nuuctive branch
lag~ the applied voitage by 90°.

To solve for I_ in this

circuit, the sum of the branch
A §a X, currents has to be determined
120V 40() 300 by vector addition.

Recall that in series AC circuits we had to solve for 2. and
voltage vectorially We used the i1mpedance triangle and the

voltage triangle In parallel AC circuits we will use only
3 current triangle. THINK CURRENT 1s the password for this
module.

This means that we will not use an impedance triangle to solve
for ZT in parallel circuits. Instead we will first find ITf
then c<.lve for ZT by Ohm's Law

in solving AC parallel circuits, a voltage triangle will never
be used because voltage 15 common

which of these quantities would you not vector for when
solving an AC parallel RL circuit?

Remember, for parallel circutts think current only;, therefore, you
do not veclor for ZT or Ea

El{llC |

Aruitoxt provided by Eic:
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Solving the RL Paralle] Circuit

l =

-

2

L S

PF =

We want

each quant iy

fourteen-i

to solve this circuit for

listed to the

left.

40

o0}

Fieat we must find current through each branch of the nelwork

through the resistive branch

Inductor

tn urder to compute the total current
To find I
£
-
R R
| o= 120 v _ 3
R - Lo 8
lR = 3 3
Then, to find | through the
£
P 2
L XL
120 v
| = = 4
L~ 30 8
IL =4 3

Because the 3 amps through the resistor and the 4 amps through the
rnductor are not in phase, we must add them vectorially.

The Current Triang'e

In parallel circuits, voltage 1s the common reference,
1n the standard veclor position.

vultage appears

O

ERIC
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IR Ja Ea the resistor and tlhe Cur}unl thiough Fhe
“““““ * resistor are in phase, therefore, | is
plotted »n the standard vector posiLion,

“““““ * Recall that 1n a purely induclive circuilt,
| voltage leads current vy an angle of 90°
t (ELI) . For this reason E_ and !, are
4a 90° outl of phase, with E aleading, there -
fore, the | wveclor is a -j quentily.
(Note that %he =) 15 the result of
changing the reference )

Vectorially adding the values of the
branch currents produces the total
circurt current. Therefore, iT s

5 a.

This information can be expressed 1n rectangular notation, giving
tirst the | through the resistor, then the | through the inductor,
thus 3 a3 - 4 a

In polar form, this 1s expressed S /~563.1° (You recal) this s
/_ for a 3-4-5 triangle.)

Solving for ZT

Now that we have found 1_, you can solve for total impedance
by Okm's Law (Remember' We do not vector for ZT in parallel
crrcurts )

Ea
2.« 2
T ‘T
g 120V < R 40 X 120 /0°
A L 1, = —————e— {E is our reference
oy o7 5/-53 1° ‘"3 ’
————— therefore, we assign
an angle of 0°.)
A
ZT = 24 /53.1°

Solving for True Power

You know that power 1s consumed only by Eesnstance To find

the value of P | use the formula, P = R. 1 in this case must
be the current through the resistive branch, not total circuit
current

10
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P QzR
t
Pl = (3)2 x Lo
P = 4
. 9 x &0
P = 360 1

Solving for Reactive Power

2
px = LXL
2

P = ()" x 30 Py

X 480 vars
P =16 x 30

X
P = 4BO vars

X

Solving for Apparent Power

By the power formula P = Ea X

T
P =120 v x5 a
P = 600 va
a
¢« Pouer factlor
You know that the power factor 1s equal to the C0S /i  For
/ of §3 1°, PF 1s 0.6. You can also determine this by using
- P
the formula PF = EL.
a

—_ Now, remember two Important rules for solving parallel circuits.
1 THINK CURRENT - vector for | only.

2 To find ZT' first find | then apply by Ohm's Law

T)
T Solve this circuit.
IR =
S B, 230V SR 400 X, 300
IT=
ZT =

11
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State Ir 10 rectangular form
State |T in polar form
Your first step was to find IR and 'L IR =6 a, ‘L =8 a
'n rectongular form 1. = 6 a - 48 a
The current triangle
Ip 6a
‘ A) This 1s a 3-4-5 triangle, so ‘T =10 a
1
I |
|
Sa i In polar form IT =10 a /-531°
YN
I 3
Then by Ohm's Law, 2. = —,
T |T
240 v /0°

I I B LA .

Observe that the two circuits we worked had 1dentical ohmc values,
30 ohms and 40 onhms Only the applied voltage was changed from
120 volts to 240 volts Changing voltage di1d not affect the total

impedance  In both circuits Z. was 24 ohms  Voltage Does Not
Affect Impedance 1n A Circuit

Assumed Voltage Method

Since the applied voltage has no effect on Zf’ you may assume an
voliage to solve for ZT

The assumed voltage (any one you pick that i1s easy to work with)
vill help you find the correct ZT

Using the assumed voltage method solve for ZT

/\) ® 100} X, 1000 2. =

-

12
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Youu may have realized a workable, easy, voltage to assume 1s 100
vol s Iy = b1 5 /-45°, and 2_ = 70 7 .. /L5° Whatever

voltsge you used, 2, = 70 7 ° /45°

Paralliel RL Problems

‘aA 120v
gawﬂ a777mh L oo

f IKHx

2a la

(a)
Y

2 (’\) R ol é FIND

3 /\/ PF 0 707 § SOQEXL £IND

| £, 360v énooﬂ 1'205?})(t £ IND

13
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ANsuers

! 2. = 24 /53 1°

(o]
>
1
>
<

T
b ZT = 72 /36 9
|T=Sa/-369
IR =4 3
IL = 3 3
P = 1440 w
{
P = 1800 va
3
PF = 0 80
/o= -36 9°

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY
ANY OF THE OTHER RESCURCES LISTED {F YOU TAKE THE PROGRESS
CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT
LESSON IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UN-
TIL YOU CAN ANSWER ALL THE QUEST!CNS CORRECTLY
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PROGRAMMEDU INSTRUCTION
LESSON i

Solving for Quantities 1n RL Parallel Circuits

THIS PROGRAMMED SEQUENTE HAS NO TEST FRAMES

I tnis module. ve will discuss the important characteristics of
carallel resistive--eacrive Circuits and develop the rules and
graphs for finding circuil values The basic circuit configurations
to be studied include paralle! RL, RC, and RLC types. At this time,
tt will pe helpful to review paraliel circuits containing only re-
sisttve elements

| In a sertes circuil, Currert 5 common but 1 3 parallel
circutt, 1S common

T

{voltage)

2 The voltage crop across resistor Rl equals the voltege drop
across R2 which equals the voltage drop across R3. This may be
stated as ''the voltage drop scross any branch In a parallel
circurt s equal to the vol tage "

(source or applied)

3 The current acts quite differently The tcotal current, |_,
flowing from the source divides 1nto separate branch currents
whose values are determined by the voltage and branch resistance
Given Ea and Bl) we can calculate Ii according to the equalion

O
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Equatiuns tor 1, and |3 are simlarly written
4
£
o= 2
2 R2
3
|=_.£i
3 R3
The sum of the branch currents must equal the
current
{total) R
For the circuit given in frame 1, the totsl current s written
IT = Il + l2 + l3 The total current can also be celculated

from known vatues of source voltage anc total
the formula

resistance by
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6 The equivalent resistance of a parallel network can be cal-
culyted by the sum of the reciprocals method which s
mathematically written as R, = . The equivalent
circurt for the parallel resistive circuit 1n frame 1 s

— e

7 For review, calculate the unknown values in the following examples

., . . £, = 100 v s 1, =
2

@‘ ?‘ g Rl = § Q booI =

R2 = | -

2 00 C RT

(a 208, b 30 8, c 3370y

In summary, the rules for purely resistive parallel circuits are
] Voltage 1s common across each branch.

2 Total current s the sum of the ndividual branch currents

IT = ll + 12 + + In
Ea
3 Total circuit current 1 = — (0hm's Law)
T R
T Ea £
4 Branch currents are resolved using the equations l‘ = T 12 = §2
] 2
(where t s branch ' 2, . . current.)

5 Total crircurt reststance can be calculated from

1

RT" ] ]

- —_— e
R1 R2

}
4 =
Rn

17
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6  Phase difference between currest and voltage is zero (/ = 0).

7 True pover equdly apparent power since the load is purely
resistive

8 Power factor 1s unity PF = )

8 The voltage drop between point A and B 15 to the
drop across C and O

C
D
(equal)
9 fn the circurt 1n the preceding frame, the voltage drops, across
the resistor, R, and the inductor, L, are the same and are equal
to the voltage

{source or applied)

10 From known values of source voltage, branch resistance, and in-
ducttve reactance, we can solve for the current through each
branch of the network by Law

{(Ohm's)

11 Current flowing through the resistive branch 1n the example

crrcutt, wilh Ea = 100 v and R = 25 ., 1s calculated from the
equation lR = and 1S amps
£
2y
R
18
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3
A 3
12 We are able to calculate 1, from the equation | = g >nce
the voltage drop dcross the resistor is equal O

(source oE—SEbl|éE‘QBTlagej——-

13 Similarly, the voltage drop across lhe inductive branch equals
source voltage Branch current, I, , can be calculated from
the equation | = and s
amps, with Ea 100 v and XL = 20

Ea
X0
L
th 1n a parallel RL circuit, total current, I, cannol be obtained
by directly adding 1, and |, as 1n a purely resistive Circuit

since the two currents are

{out of phase)

15 With the voltage across each branch common and the currents 1n
the resistive and 1nductive branches cut of phase, we
colve for total current by addition of 1ndividual
branch currents

(vector)
16 Ina paraiic! RL circuit, voltage 1s common and can be repre-
sented by a vector 1n the postition

(standard or reference)

19
O
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17 In tne branch containing purely resistive elements, current
fltoving through R and the corresponding voltage drop, E , are
in phase Therefore, can be plotted 1n the same

direction as t

K3

O In the purely inductive branch of the parallel RL circuit,
the same source voltage, E_, appears across the inductance
The branch current, s out of phase with voltage. from

.
“"ELI, the {CE man," tge voltage the current by
90°
{(Teads)

19. Voltage, however, 1s common and plotted in the standard position.
Voltage leading current by 90° 1s the same as current
voltage by 90° for a purely inductive load.

> —————

%o) 'R {A

.

(1agging)

20 Current flow 1n a parallel RL circuil can be represented in
rectangular notation with the lagging | current rotated
clockwise from the standard position by a operator The

3/
rectangular notation for the 1llustrated vector diagram s
written

- 20
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2} The total current can now be calculated by vector addition of
I, and | . in the diagram, IT is the of the current
vector triangle
fiang IR
o l
[}
i
U |
I .
|
Y W
1
- (resultant)
22 From the current vector diagram, you can see that !_ 15 out
of phase and lags the appl | £ th
phase an 3gs the apptied voltage, 30 by €
(7))
23 Total impedance, Z,, can be calculated from known values of
applied voltage and total current, from Ohm's Law, ZT =
3
2
|
T
24 1n the example parallel RL circuit, the following values were
calculated
b, =4
B e
o=
L= 3
Ep 120v §R sofl x, aofl =5
/ = -369°
i I
J
Write lT 1n rectangular form

Write total current 1n polar form

21



P Fourteen-|
25 In lhe proceding eaagmple, totadl impedance s determined from
3
the formula, ZT = TE- We cannot simply divide 120 volts by
T
S 4 oS, but must gl take 1110 accounl the phase difference,

?

/. Using polar notation, ZT = Sa /-36.9°

(120 v Lgl, the phase angle for E s zero since 1t s
the reference value ) ©

120v /0°
7 £ s = . :
26 For example ZT T3 7389 , the total 1mpedance s calcuiated
Lo be ZT =
24 736.97 i

27 The total i1mpedance of a parallel RL crrcurt 1s always calculated
fiom applied voltage and total current, using Ohm's Law, and nol

by vectlor addition of resistance and i1mpedance. In a fixed cir-
curt with constant values of R and X , the total 1mpedance, ZTr
does with changing values of Ea or ‘T'
change/not change
{not changc)
28 From the equation, E_ = lTZT’ you can see that increasing E
produces 8 proportional 'n lT’ since ZT

1« constant for a given circuit

C ncrease7

ERIC
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29 1 the voocuit rllustrated below, vhat happens to ZT of
t’-_\3 by ancreased trom 120 volts to 240 volts?
n,) & gn 300 x 30l
) B remgins the same
b Increases

C decreases

d cannot te determined

30 This fact, that the applied voltage does not affect circuit im-
pedance, ollows us to assume any appl'ed voltage to determine
ZT of a parallel circuit

Assume Ea = 120 volts AC and solve for ZT

—

© g pe

(24 /36 8%)

31 Solve the preceding circuit for 2
of 240 volts AC

70 using an assumed voltage

(24 /36 3%)

23
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32 When using the assumed voltage method for determining ZT’ the
values ot current are not true values

Solve fur IT

/\D % R 401 x 400

3 | amp

b greater than | amp

C cannot be determined

{c) _

33 Recall that true power, P , 1s that power disstpaled by Uhe
resistance as heat In térms of 1, and R, P = )
for IR expressed n amperes and R in ohms, Pt 15 expressed
'n

3k True power may also be determined from the branch current and
the vollage drop across Lhe resistance using the equation

2L
ERIC
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35 Solve for lrue power using both equations and compare answers

P = vatts
[ ——————ee .

(480)

36 Recall also, that reactive power s that power stored by reactlive
components and returned to the source In terms of 1 and X
Px = . For IL expressed in amperes ané X‘ 1n ohms |
Px 15 expressed tn

37 React ive power may alsc be determined from the branch current and
the voltage drop across the resistance using the equation Px =

38 Using the circurt 1llustrated 1n frame 35, solve for reactive
pover Px = __vars

(360)

25
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Appatcs U pover, PJ, is 3 combrnation of the pover dissipated by

the resis Ui /e components and the powver stored by the reactlive
components

|
H
|
q
l
§

in termw of € and ., P =
3 T a -
E 1)
Ya‘[
LO  When E) '3 1n volts and IT 'n amperes, apparent power 15 expressed
N ‘

Solve for P
a

O i3
120v ] 3001 a0}

{voll-amperes, 600 va)

41

The oover factor for any circurt s defined as the ratio of true
pover to power It may a'so be expiessed as the
of the _/___

{apparent. cosine)
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L2 sob e ahe o, warallel RU crrcunt for the 1rdicated values
| =
8 R
b o=
L _—
| =
" ST —
/L 7. =
, —
f\, )t 100v §a25ﬂ X, 2501 o /o=
f P =
( ———— e
P =
g Po=___
h p =
3
pPf =

State total current 1n rectengular form

State lotal current 1n polar form

(o La, b la, ¢ § 7a /-45°, d 175 /bs®, e  -L57,

f Loo v/, g 400 vars, h 570 vao, 0 7, rectangular

4\
o
2
3
]

b a - jb a, polar form l, = 57 a /-45°

YOU rAY NOW TAKE THE PROGRESS CHFCK OR YOU MAY STUDY ANY OF THE OTHER
RESOURCES LISTED I'F YOU TAKE THE PROGRESS CHECK AND ANSWER ALL THE
QUESTIONS CORRECTLY, GO TO THE NEXT LESSON IF NOT, STUDY ANY

METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS
CORRECTLY

27
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SUMMARY
LESSON i

Solving Tor Quantitaes «n RL Parallel Circuits

In Module Six you were atrodu.ed to the rules governing parallel

circut s Before tne discussion of the more compiex AC crircust
perhaps o brief review of these ruley, using a purely resistive
circurl, witll be nelntul

! Ina prrallet retviork voliage s the conwmor value

3 b2 T3
2 Total ¢circuit current equals the sum of the branch currents

A S O R +
T | 2 3 n
3 Bronch resistance determines branch current, with the branch
containing the larger opposttion having the smalier current

4 Total circuit resistance s smaller than the smallest branch
rest'stance

When dealing with purely resistive c'rcuits, we 3re able ro acd the
branch currents directly to f nd Lotal current, E and | are 1n phase,

/ 15 07, and the circuit power factor i1s | if a reactive element
TTnducLance n this casej 1s placed 1n the circuit, there 15 a

phase shift between the applied vollage and circuil current Because
of this. other forms of computation must be used For example, the
individual branch currents can no longer be added algebraically to find
i vectorial addition must be used

T
In series AC circuits, current 15 Lhe common value and the in-
dividual voltage drops are added vectorially to find & In parallel
circurts, sollage s the common value and current divides between

- the branches Hence. voltage not current, must be used as the vectlor

reference 1n g parallel circuit

To solve this circurt with the
information gtven, the firrst stlep
Ey R X, is Lo find the i1ndividual branch
100V 75, - currents To do this, Ohm's Law
15 applied to each branch
(Remember to 1nclude the angle
assocrated with each value |,

26
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. 100 /0° e 100/0°
R A U T Tl R AL

Ea has a 0° angle because 't s the reference value

The next step 1s to find ! Since there 1s a 90° phase angle between
the current through the resistive branch (1 ) and the current through
the 1nductive branch (I ), vector addition must be used to combine

I and IL L

2 Q

i

IR 1330
——eee |

133 - 3258 =2283a/-62°

Although this 1s an inductive circu:t, the circuit phase angle 15 a
neqative angle The reason for this s apparent, reversal 1s due
"o the cnange 'n reference values {(current lags voltage)

Nov: thgt lT has been computed, ZT can be found by applying Ohm's Law
Ea 100 v /0°
= —— = ———— = 14 °
T T 7B s e T /262
femember, In Parallel Mircurts You Must Vector For ‘T’ Not £ or Ea

Acparent povier 1s computed for parallel circuits 1n the same manner

) as for series In the above example
o= = b () = 2 va
s T X e, 2 83)(100) = 283 .3
PF 1s still equal to the ratio of true powver to apparent power
FL
PF = p—. Or more converiently, PF = COS /-

a
PF = COS 62° = 0 4695

True pover can be computed for any circuit by using Pt = lT X Ea x CO0S /¢

2
or +f you wish, P.t = IR » R or P = IR X EP The last equation 15
L \

usually the most convenient for parallel circurts

p‘ = ‘p‘ y E = (]. 33)(]00) = ]33 v

29
ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

Summarvy Fourteen-|

L i | T

One fact vou mu.t ahuays remember s that the impedance of a circuit
1> not affccied by ary change in 3pplied voliage  Thas fact s
aroarent +f you examine two 1dentical circurts with different varues
ot £
3
| = H =
R 33 a R ¢ ba
EA R XL |L=25c1 'L=Sa
WV OOV 30} £y R X,
4OQ ! = L! ]7 200V 303’\ | = 8 3[4 3
T 400 T
/=369 | =369
i
7oo= 24 bz =20

As you can see, the circuit phase angle does not change and ZT remains
the same

Occastonally you will be required to fing the impedance of a circuit
vhen the value of the applied voltage 15 not known Because the value
of € has no effect on the 1mpedance of the citcuit, you can assume
any voltage you wish to find ZT For example, any va'ue of assumed
voltage can be used for this circuit

| We'll use 250 v

R

R 1250} X, oof}
@

250 /0° 250 /0°
|=-————7y= ° 1 = ° =l4] = °
" 75 70° 2 /0° a L 20 /790 6 a /-90°
|T=2'Jl4\66
b 65 a /-64 3°
€ 250 /0°
= — = B =z = i [‘0
N S I R A
The circurt 1mpedance found 1n this manner 1s a valid figure, however,
you must keep tn mind that IT 1s correct only 1f the assumed Ea 1S
app li1ed
30
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In seraes Circutis, the circunrt s erther predominately resistive or
predoringtely reactrve depending upon which device developes the
volitage drop A parallel circuit, however appears reactive or
resistive depending on which branch carries largest current

largest

AT THIS POINT, YOU MAY TAKE THE LtSSON PROGRESS (HELK, OR YOu MAY
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH

IF YOU TARE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR-
RECTLY, GO TO THE NEXT LESSON FFONOT, SELECT ANOTHER METHOD OF
INSTRUCTION UNTHL YOU CAN ANSWER ALL THE QUESTIONS CCRRECTLY
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OVERVIEW
LESSON i1

Ceroalanral Aral v ot RU Parallel Circunts

voinas lesson you wiell study end learn about the folloving

-effect of a change 1n frequency
-effect of a3 change 1n applied volroge
-effect of a change 1n resistence

-effect of a change +n 1nductance

FOFSOC vOUL STWPT 7708 LESSON  PREVIEW THE LIST OF STUDY RESOURCES
OO THE NEST PRGE

A
o

ERIC
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LIST OF STUDY RESOURCES
LESSON 11

Variatienal Analvsis of RL Parallel Circuits

To learn the material 1n this lesson, you have the option of choos iy,

Sewuirding to your eaperience and preferences, any or all of the

followving

STUDY BOOKLET
Lesson Narrative
Programmed Instruct:on

Lesson Summary

ENRICHMENT MATERIAL
NAVPERS 93400A-1b "Basic Electricity, Alternating Current "

Fundamertals of Electronics Bureau of Naval Personnel

Washington, D C U S Government Printing Office, 1365

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE YO M
TAKE THE PROGRESS CHECK AT ANY TIME

35
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NARRATIVE
LESSON 11

Varirational Analysis of RL Parallel Circurts

O

We will assume that this resistive-

rnducive parallel network has

3 high-Q corl, therefore, we will

g not need to consider effective
resistance as we analyze the

circuit

We v dl examine the network to determine what will happen to all
other circurt quantities 1f we change one of the four variables --

frequency, applied voltage, resistance, or i1nductance

| f Frequency Is lIncreased

o

The first step 1n analyzing a

ERIC

Aruitoxt provided by Eic:

parallel circurt s to draw the
é current vector diagram
'R , 7Y
d e
|
|
IT :
\ !
L |
| AR
|
Now i f i is increased, vhat vwill happen to XL7
Since XL =2 fL, «f f 1s increased XL increases (1)
| f XL increases, | decreases (.) I 1n a parallel RL
circurt 1s unchangéd by a change 1n frequency because neither
E_nor R are affected by frequency Therefore, 1f 1 decreases,

then I decreases (:) as we can see from the vector é\agram

36
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Jecreases, 2T must have increased (') We can see this
£
N a »
“oo9 douk at Ohmts Law -- 2, o= =
' T

Since current through the resist.ve branch has not changed, and
e e tance oy onot o changed, (rue pover does not change
Apparent power, however, changes because total current de-
creases and the applied voltage 15 unchanged

Looking again at the currenr vector diagram, you see that as
|L decreases, /' decreases

If angle thetla decreases, then the power factor increases You
know this Lo be true because Pt s the same, but Pa decreases

PL>
PRy = ——
P_
anr § +
The table to the right shows the complete |r_~h— *
picture of the effects of an increase n i e S
the frequency of the voltage applied to a 'r —>
el R T
paralle L circurt N *
Xy *
|4
P' —>

x° ' o¥
- e

Lo | v |
R __.>-
\ —
| U S

Changing Applied Voltage

The results of a change in the voltage applied to a paraliel
PL circuit are easily analyzed

None of the physical properties of the circuit 3re affected by
any change n voltage, thus, R ard L remain the same Wi thout

17
O

ERIC |
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a g e e trequency o anductance, X o remarins the

) _ L .
Ld e Wil Lot X oend R oungffected, the ¢ iCurt impedance
ts also unattfected

Y B vy decreased, Obm's Law shous thal |L‘ and |R and |T
gl o decreased
Witih a decrease 10 ‘T’ ‘R and (he applied voltage, P( and Pa

both decrease

A took at the current vector diagram
indicales that as |, and ' all

!E' T
lecrease, L__does not change
Ea ‘
R BRI
b | —»
SRl R
'T '
- . * -4
x
ine rfo v, PF odoes not change k‘i”*“"']j’“
L v
XL —»
PF —»
P' *
% *
P *
/ o —»
R —
- - 4
IS —
L.

(W)

O
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Okay, let's see 1 f you can correctly
aralvze thes circurt «f the value of T 4
Aoty increased indicate changes Lo W N S
ALY Crreue !l e oty by oartovs n 1
b
the table at the right { 1
- | ? -
_5 "
v D) "
boma == - -
g X
b e o 4 -~
} ) rr
Orawv the current vector diagram ]
)
Pa
.- - - -
Pl
3 .
L9
- . |
]
L

You know that 1f R s increased, then | through the resistive
branch decreases | 1s unaffected since a charne in R
doesn'l change either frequency or inductance, therefore, i1

does not affect XL

39
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-~ P The vector dragrom 1ndricates
X that «t |_ Jecreases and |
doe~ not change, lT decrea%es
!
L R 4
! RPN e e
8 ! - 1
AN T 4 ]
N 1 '“";-'
Y W WL AR B A
! i 'R +
If 1_ decreases, and £ 1s constant, then 2 T T e
T - a T L
ncreases VA PUEE—
X | —»
If 1 and I_ decrease and Ea 15 unchanged, |

ther Dt and Pa decrcase

v
>
t
-l
i

Ancther look al the current vector diagram A ;»“
snous thalt /  increases and the power 9 .
factor ueereases P,

i
{
Iq

|
'
'
'

L

~
o
- -

!
i
'
|
i
'
1
!
"

'

3

|

LG
O
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Complets the table o shov what happens f 1nduclance
Is gecCrea~ed

Turn to the next page for the arswers

o Ll
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RrOsvie s
If 1L s decreased, AL deCreases, and |L

ncreases IR

i ' Cre > q
T nereases

|, does not change

R

If 1 increases and Ea (Ssoconstant, ZT i[ - t .

Jecreases ..

Ay netther ‘R nor R changes, PL does I >
ro! change SURA R
1 ! *
L
s 1, increases, P increases X
A 3 L j
- - —q
Obviously / increases, lherefore, PF PF
decreases, R remains the same P, —>
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With the four variables changed separately as indicated 1n
the chart, conducl @ variational analysis of the circurt
Indicate th2 changes to eacn circurt Quantily by arrows

“d

Turn to the next page for the answers

O
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Narrative

Answers
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PROGRAMMED INSTRUCTION
LESSON 11

Variational Analys s of RL Parallel Circuits

N L ohesaon, e e b o pertorm g veriationagl anatysis on paralicl
RL vrrcuils Lo determine v hat effect changes 1n frequency, source
vollage, resistance, and inductance have on the circuil values

You remember from past lesson: thatl a variational analysis of the
crrcuit values consist, basically of choosing one quantily as an in-

dependent variable and ducumerting the relative changes of all other
vatues 3s the independent variable 15 changed

In the basic parallel RL circuit, we have the ability Lo vary or
change four gquantitres Each gquantity, in turn, 15 considered

the independent variable and a variational analysis performed We
will assume that the effective resistance of the coil s negligible,
R =0

efi

The four 1ndependent variables are
p

frequency 3 resisrance
2 voltage 4 inductlance
Before performing the analysis, 1t will be helpful to briefly review

the characteristics of parallel RL circuils and presert the funda-
mental equations used to calculate circurr values

)
H

Basic Crrcurnt Ruies and Equations

Voltage 1s common

XL = 2.fl

S £

ol ] 1 o= 2
| R R
£

L | ::_a.

~ J | XL

LN
| I = g * !L (vector sum)
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Current Vector Diagram

The only vector diagram calculations
are for current values

1
R i
|
i
b
i
l
1

]
—_—
) e
r—-m-%---7

|
TAN /= I—L
R
jod =
. (‘R) R or \R X Ea
P = !
3 Ea T
PL
PF = — =
5 os /
- 3
Ca-v | - frequency of AC Voliage
!
S X, Iy 'r ' [ © Py 7y P PE

|

1
]

——
i

We have chosen to increase the frequency of the AC source,

keeping £ , R and L constant ir. the following frames, we
discuss the effect of increasing f on the remaining cic-

cuil varighles In our circurt e;émp\e, effect ive resistance
of the inductor 15 assumed negligible with Re(f =0

THERE AQE NOC TEST FPRAMES IN TRIS PROGRAMMED SEQUENCE

Resistance 15 @ ohysical property of the circuit lncreas ing
source frequency produces change 1n R How
de you 1nciease resistance’

{no Increase value of resistor

Y inpedance of the inductor s given by the formula X = 2-f1i
An inerease n f produces a/an n XL kL IS
measured on B
[ ':—" A '\h\""")

L6

ERIC
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3 Incrvaing the frequency produces a8 corresponding 1nCrease in
X Braneh curient through XL correspondingly )
according to Ohm's Lavs |L =

£
3
(decreases, ;1)
L —

4 Current floving through the resistive branch depends only
on Ea and according to Ohm's Lawv Therefore,
IR vhen f s 1ncreased
(R, does not change)

) Knowiing the changes to lR and | |, the dependence of total current
(1,) on increasing frequency can be determined from the current
vector diagram lacreasing frequency causes a decrease :n IL and
alan 1o |

S T
(decrease)
6 From the same currenl vector dragram, ue can determine thal

Lthe phase angle

(decresnes)
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; Total oircurt impedance (Z_) can be expressed as a function of
Ea a3 according to Ohm's Law 2. =

e e T

8  The current flouing through the resistive branch does not
change v th an incregdse 1n frequency since resiglance 1S 3
phystcal propertly As shoun by the formula, IR x R, true power
vith an increase in f

{dne~ nul change)

9 Te current flowing through the 1nductive component decreases wilh

A1 increase 10 frequency As shown by Lhe equatlion
£
a 2
X =2 fL, I == and P =1 X |, reaclive power
L L XL x L

th an increase 1n firequency

U@CFCBSJ

10 To find the variation 1n apparent pover, consider the basic

equaL 1 on, Pa = EalT

Since IT decreases 1 lh en increase n f P

“(_(.;TL—C I‘L'c]%f."\j

Pl variraiions in the oover facitor can be deicrmined from either one

of the formulas P
PE = —
p
3
PE = COS /

With an increa-e¢ ~ . Lrue power rema:ins constant and apparent
po e Jdecrganes Since / decreases ([0S / ana
N

)
pt for o corresponding ncrease 1N

(increases  increases)
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12 50l in the blank Blocks vaith arrows Lo indicate increase ('),
Jecrease | ), ur no change ()

T T ] Lo 1o |6 Lo W
T Zy 1 otg oo o DR R x P
T T SR AU A A A D R

4] | ' | | |

! |
A!L } } i ! —
T T Yl M
ﬁ 1 T T T
f ﬂi L R X, \\lr J PR vo1/lo | R } Ao | P
=1 ==
.IlL : _..Ji l } } ! ! : 1
Ca~e It - Source voliage
In «his 3gnalvsis, we 1ncrease E 3nd determine the

relationships of the folloving Sarmables

_—

I3 Resistamce 15 a physical properly and Joes nol change wilh an
(nerease 1N Ea Reactiance depends onls on f and L, so X s
unchanqued The total Circurt vmpedance (ZTY 's @ combination
of ? and XL and theiefore viith an increase
'nosource voliage
(does noi change)
L9
O
ERIC ¢ oaoe - - R
P o
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Branch curients) )R ond IL, depeno on the gpplied voltage
and branch rpedance
£
R Ie]
o R
£
| _ 3
L X
L

Therefore, since K and X are not affected by a change of
applied volrage, | _ and L vwith an increase
n soeurce voltage, ta

15 The dependence of total circutt current on source voltage can
Ea
be determined from Ohm's Law, (IT = ?—J Increasing £ pro-
3
duces @ corresponding 1ncrease 1n T
)-
0l
n
16 1n Ohm's Lav, we can see that | and | increase 3 proportional
amount for a given change 1n € By louking at the current

a .
sector d.agram, you can see thai the phase angle

rtMoan 1ncrease 1n k
3

] .
1

{does not change)

O
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17 True prower, teactive power 3nd apparent pover «an be expresscd gs
vie product of vollage and current as shown by the =quations
P o= € I
t a R
{ [
x a L
P o= £ 1
a a T
A D s arcregsed, Lo, I and 1. increase, producing corresponding
a
in both pover vaiues
(increases)
'8 Since the pover factor 15 equal Lo the cosine of / | a change

1n the applied voltage causes in PF

(mo ckange)

Place arrows 1n the bianks to show the change caused by an

rncrgase 1n source vollage
i ! T 1
FEA , R %XL l’ Zy ! 'R i " ‘ b /.SL! A | P | P
T l ‘ \ | 1 ! { l
L B L L |
N R R B R R T
N i R ixl ‘ Zy J 'R i " J 'y E[__C*_ P J Aol J PF
UL NN NG U SO U0 RSN NS S
it e e RN R e ER A N
B S S N SN O S N O O A | L
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ERIC

Case L1 - o Ttance
] i : | i | W i = | o i
- ‘ * i Lo P, .
R l L ! R ! XL ! 4 % 'R i " T [ e A ! x \ ¥
d | | 1 w j ! | { | -
) “ ', } ! ‘ : | ! ~
I | i
| | [ [ | i { t | r !
vl L]
i H L I | ) i
In tnis example, ve decrease the magnitude of the resistance
The follc 1ng current vector dragram 'l help you visualize
Lhe ¢hanges 1n Ccorcurt values
g
1 ! >|
Sg‘ 1
|
! !
i
20 Fur g JeCiedse 10 circuil resistance {R) determine the change,
ogn,, e the following values
a Ea - Dces 3 c¢hange 1n R cause Ea to change? o
o o " Current {louing through R _
N X =~ Since the reaclance of the 1nductor depencs on [ and L,
L — -
a jecrease 'n R produces i XL
d ‘L -
e Z. - Synce total impedance 1s & combination of R and XL’
\K -
decreasing R causes N2y
£ /-
q P inereases  0Oroducng N o Lrue pover
|8
h P - 1 does not change oproducing ' P oreactlive
X x
povieT
i | -
.
P,
3
- P - The oo e Tacior equals C0S / The phase angle deciecses
and PF
N (3 n o rncreases C nu change d no change
. A decrease £ decreases o an increase. b no c¢hange
| L reases ] ngcreases k wncrcases)
52
W I
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2 YU cih o acrows the effect of derreasing R
{ j T | T T T i i T 1
3 e, | ! L wobon L Pk P!
ROt i e X r g o [O v T A L kL pE
A ! ! ' ! i
3 - - -y . - i -1 - D
l o IR A A B
i i | | | % | | '
‘ L l | | | | | l
T T n 1 , T
| ;
4 |
R § L A ] X Iy ' I l Iy [ O : P N ] e PF
B f N O A A 0 R PR
o | |
1
= T‘**iTl*TT“—’T
i } ‘
Case 1V - Inductlance
22 In Case !V, we vary Lhe 1nductlance by decreasing L for
the remaining circuit varitables, determine their dependence
vun decreasing L and i1ndicate therr vartat ron by arrous in the
toltoy ing chart
‘ | W P P lp |
L A R Xy | Iy ' o Iy [/ © ' A x PE
f { \
SONE A R N
l | ! ? | J
J ] |

T; | ;x "z !n 11 \l | e !F’, 7 ]”. PF
SR AR R AR AN AR A L A
Bl s AR A R R AN R RRA NN

POLRESS CHECK, OR YOU 1Y STUDY oty OF THE
C

HE P
OTHEP PESOURCES LISTED P Y0U TiXE THE PUNCRESS CHECK ~HL ANSWER
Ll THE CUEST'ONS CCORRECTLY, GO TO THE NEXT LESSON e NOT
STUD Y /Y METHCD OF INSTRUCTION YOU WISH UNTIL VOU CAN ANSWER ALL
THE QUESTIONS COFPFLTLY

ERIC
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Summary Fourteen- ||
SUMMARY
LESSON 11

variational Analysis of RL Parallel Circuits

Curg Loy dessun, to b eagrane 9 parallel network to determine what
fanpens Lo circuit values vhen cach of four variable quantities ---
frequency, 1nductance, resistance, and applied voltage -- are changed

R erber, when dealing wvith parallel corcuits, vector currént, not
irpedance The relative values of !R and | determine whether the

Ccorcur oS prcdum'naan\ reststive Oor reactive

Ul g~ 10 mecies Circuils, the value most obviously affecied by any
Lchange N freguency 15 inductive reaclance For example, an 1ncrease
(n troquency cduses 3 corresponding inCrease 1N XL
A fCtease 1 n Lhe oppostlion of the inductive branch causes a de -
“rea € .0 the current through that brarch

The te,i~tive branch, lor practlical purposes, 15 nol alfeclted by any
variation n frequency

Tolol current 15 equal 1o the vector sum of the resistive current
(?P) and the reactive current (1) In this case, wilh the decrease
‘”‘iL {here 1y a corresponding décrease in IT

Sinte IL decreases and | remains the same, the circuil appears
AT e resislive and / decreases

‘u

Jith lhe decrease in / there 15 an 1ncrease n PF

)

Since toial current decreases vhile the applied voltage remsins the
ame . lhoere musl be an increase 1n impedance

Alihough the PF o incresses, true power remains the same, bLecause
therc 15 no change 1n lhe res'stive branch

Since apoparent oouer 15 equal to (ntal current times the applied voltage,

v 1
PO e 350



Surmmary Fourteen- 1|

TO Surmmar i Lo

-
.

A
x4
R >
oL
Y
‘R I —
TN
I
z f
o ]
oy
3 4
R -
Py —»
P, * ’
o ,*__4
e

Any wvaritation 1n 1nductance affects the crrcuir 1n the same
manner as a comparabie change 1n frequency

o

ERIC
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The table betov shovs the effect of & decrease 10 resistance in
e resistive branch of an RU parallel circurt

-

Ly
' 4”“
p“}LHA,:if:J

XL —

JSUNPURSUS Y SRPIU S

oy varvation o an anplied vollage causes a proportional variation
vooal b ovalues of voltage, currenl  and pover

AT THIS POINT . YOU MeY TAKE THE LESSON PROGRESS CHECK | OF YLy &Y
STUDY THE LESSON NARRATIVE QR THE PROGRAMMED iWSYRULTION CR BOTH
IF YOU TAXE THE PRGGRESS CHECK AND ANSWER ALL OF THT JUESTIIn> LOR-
RECTLY GO TO THE NEXT LESSON bEONOG, STUDY ARGTHEP METROD Y
PNSTRUCT 1ON UNTIL YOU Cab ANJWER ALL THRE QUISTICES _ORPT{TLY

O
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OVERVITEW
LESSON 1

Taroa o R0 R0 D

v 1
Ch Moy tcsscr vou LT oatues and tearn gboul the Tolloving
-sotvinag pe-atier RO Corcuits
-variational anslysis of paraliel RC
Circur s

eolving paralledt RCL crrcunts

SEFORL YOU STARY THIS LESSON. PREVIEW THE LIST OF STUDY RESOURCES

ON THE NEXT PAGE
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LesT 2F STURY KESOURCES
LESSON 1
[ [ S S T S
Pees U e el it esson s ou have thy option of  choos ina

feee gty cer eaperience and prefeccnces, any or all ool the

Ceos Lt HNg ot ee

Feormarmed tastouct ron

Erw i mENT W TER AL

eVPERS 3400 - e MBasie Electricitv, Alternatiag Curreng
Funuerertals of Elecironics Burcau of Naval Personned
woshiinagion, D€ WS Government Printing 0ffice, 196§

CUL e N STUDY Y OR ALL OF THE KESOURCES LISTED ABOQVE YOU MAY

. Tr’t THE PPOGPESS CHELK AT ANY TIMt
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NARRAT IVE

LESSON 111

Paralici RC and RCL CThircutts

Sulving Pargllel RC Circuits

O
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To serve for quan' ties 1n oarallel RU Circuits, you proceed
rustoas vyou o3 1o solve parallel RU circuits Again with
parallel RC circuits, we approsch the problem via the veclor
dr3gram Tur oLurreat
R
/I:EA £ R _J X
QIJ) 360y S 100 T Pl
T T Here aga:n, voliage 15 the common
_______________  —— reference  Since current through the
Ea I% Fesiscive 1eg s on phase vith the
applied voliage, | 15 veclored in the
londare posrtion Rcecal l that currenl through the capacitive
orurch lTeads tne voltage by an angle of 90° (I1CE) fFor this
regson e vector for F s drawn upvard to andicate 1. leading €
Ic
o
) 90
Find the values of | and |, and
constlruct the currenl vectofr diagior
- - Lo determine |
; R X T
o/ n A C
/e . 2 = - = =
) <M ) = | =
\ EL/3OOV T‘?O.~ /T\ .. R —_— —_—
\L_~ _ . | o=
T R -
fout secie - digaran should Took like this
- . = 3 3
— 4 N
¢ I = L o,
C
4a l1 Sa
| | s 5 a5y
; - | . 22
a1
—— e
lq 3a

0
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B, applyng O’y La, ¢ van solve for ZT
t
7 2
T ;
1
360 /O_
L, = T
- 72 /- [
2, -7 /253 17
Solve the preceding corcuit
pl
P
3 —
o)
X
2
True pover .~ compuled by either of the formulas PL = (4?) x R,
P o= | sr Poo= b x E N
) o Ea o . T 5 < L_
?
Poo= I R
L R) .
Pr =9 x 120
P = 1080 v or 1 08 kw
Aoparent pover, s found using total circuit values
Po= x £ =5 3 x 360 v
3 T 2
91 = 1800 va
Peactive povier, 1< found by using total ci-curt values mult.plied
be the sine of / (/ = éS} 1) P = 1. x Ea x SIN L_, or by using
conponent values P o= | x X Gnce E~.'S known U 18 much simpler

Lo use th

pooo= | 3
» T "

P 55 x
b4

o . k38
b3

Poer fac

of 53 17

an 2L par
The

oha e

PLocrmcun

¢

P
e Sine ‘Tunction
E x SIN /
a I
3160 x 799

vara

cur 1a cqual Lo the [0S / which s 0 6 for en anagle

e

¢ “ference venveen ~olving an RC perallel crrcurt ond
2

flel ¢ircuirt 1o 1n the =1an of the cirrcuirt ohase angle
A7ale i 2031t ve 0 @0 ¢caircur s, bul negative N0

[

5
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Fractice Problens
| : Zr
L
AT~ EJ
X
C
N ! prublem 1 does the cricun
CromMete CapaCt live!
3
5 BRN
R %RED 7
| BLK X¢ T
+ GLD
100f1
[— ]
)
4
Ep 2KV l
Av < =~ SIMFD
i t JOOHx 11 ;C
——
>PY 360w
5 AV § X¢ _L_30ﬂ
ORI
3
U SR
I
C
|
T
21
I N A L
¢ 5 v
¥
> 283 “:Ifl«
Q 62
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$ oo e
i 2
! ¢ - 1220 v

.- 5 5 /53 1

2, = b /-63 1

—1

Yaraaloural gty sy of Paralle' RO Chrcunts

When conducling @ variational analysis of an RC circuit, heep

oM nd tne (uvﬂula

. 0 159
o T

ad the curtent vector diragram

]

£
A
Lr3nging Frosuency

IV tieqoenc. s ancreased fet's, see vhat happens to other
CriCurt Quattiloes
0 trigquenc, ts o ancreased XC decreases
OX . duvieanes, Looancregses

C C

N TR B T oot use R ffeclted bv 2 chan )

N 3 the sare because R s unafifecled bv 2 change
T anrs
SN, Licreaves erd B rema:ns Lhe same ZT decreases

i d
P oL a0 oand ren 3 as the sane ! iNnCreasen

r - 2 T
ca L ttease Poancreares

i Q

o o) Z i v

P ragreaLes 9 acregses 1P = (x.))

( X > * C

-9
53

O
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x T
The current vectlor i
! dragram shows Uthat Iy
as | ancreases / i
c -
ncreases

i

ifoargle thelty increases, PF decreases

Copacitance v 3 pnysical gropertly and 1 not P
af fecied by frequency '

I Rt el s

Complete this variationa!l analysis table using arrovs
‘o 1ndicate the results of the changes indicated

%
|

"
P>
g
x
>
[a)
p—
p
-
Iy

U thNe current vecLor ¢

Jrugrans

SRR PEN Y Ta o0 AeY i Dege
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1
b
e
)
-

J

d
.
;
[

i
x
~ !

1
-
|

B it o o

'
e e e

1
{
i

t

|

SO U —

t
|
i
i

R it Iy

| ~e

F‘r * >
- . - I R
¢ Vs_* + #*
RN B Y| v
; [ | - A
[o_ | — v oIy
R l-——»l —_— | —
¢ | —> | v —
1 i
Eilf\mg Parallel RCL Circuits
"he ob ective here 15 to solve for each of Lthe quantilies listed

vrate margin tn this three-branch parallel circuit
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/\J £y 120v R 40.. X, 60:1 - X 204
i /]’\ L B BN L\
( ' Cutrtent
tanvg ther 1 - 3
o 3
|‘ - 0o
L
?ﬁ = LI e
{
ol e L3y dra hese vellors
l- 4
¢ 4a
IR 30
___»
lL 20
[ Coaorrey the curoenl ovectior Ziagram e
catenl quantoires of 1 ang | This (n
L
IV e 1BD cut otb fFhoace
L
Exo e [ w-;_u;ﬁgu‘mw Tolaoron

Fourteen-1 11

Sk i
AT T Coosirnve o

thiouugh cach branch and

x e e
3 e e —— e

alqgebrarcally add the

because |
C

pOssable
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The veclor dragram then shovs |oo= 3 3 and |, = 2 3 This
| parallel RCL civcuit appears (o
the soul as 3 parallel RC circunt
120 Iy (more o, Z1live than 1nductive)
///</
I 3a
—
We M3 nov Cunverl Iy trom rectangular notaton Lo polar notation
|
X
TAN / = T
R
? a
TAN /7 = =2
— 32
Therefore, TAN /= 0 6667

Lovking n the trig tables we find that when the TAN s 0 6667, then,

L= 33 ) oS / = 0 8320
- SIN /= 0 5548 ‘T=36a/337°

The combined values of inductive reactive power and capac:live
cayclive poveer 1 the Circut reactive power (P ) (apacitive
rcoutive pover 15 180T out of phase with the nductive reactive
POy et

P

X

——P,
&‘

Seolve for ZT of the preceding circuit

Solve for P P and P
x a

T
P = 360 w

{

P = 432 va

d

Pom 2392

O
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Practice

Ora. curreort vectors and solve |

Check ansuers on next paqge

1200}
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\ !
e Y e 1 369°
ZT /¢ ,’L_}_(f__),
g 4da ’
— Poo= 1440
R7. i 8
| P = 1080 vars

1
: P = 1800 va
\ 3
Ix Jo \\\\\\ i / '
i
|
i

/o= 3609
v ‘ Pr =0 8
lR =4 3
I =6 a3
L
|C = 3 a
\X=3a

AT THIS POINT . YOU MpY TaKE THE PROGRESS CHECK, OR YOU MAY STYDY

ANY OF THE NTHER RESOURCES LISTED I'F YOU TAKE THE PROGRESS
CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT
PESSON IF NOT  STUDY ANY METHOD OF INSTRUCTION YOU WISH UN-

TIL YOU CaN ANSWER ALL THE QUESTIONS CORPECTLY

0%
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PRIGFRAMMED INSTRULTION

LESSCON 111

Parotlel RC ard RCL

Crocuat

D PruLtaanf D s L UERLD RS NO TEST O FRAMLS

Sonople pursdlel RUocrrcuct o os allustrated by the diagram below
Tre ool cifrercnee betieen this circurt and 3 parallel RU circunt
Tl g Lapserlor replaces The induc Lo Consequently, voltage
| o . the voliage gcross the resistor equals
ne VProge gcress the capascitor, and beth are cqual Lo
|
| ‘
' /\J) €y ; R - X
\\W,/ W
L_,,,__ e J
R P S A R
3
2 Since vultage s common £ s gepresented by a vector a the
<
POS 11 Cn
T Uandard)
3 Currect through the resistive dDranch s an phasc vidh the
and 15 represenied by g verior n the <tandard posi U oon
£y ™
——————————————————— Tor o~ ——————
Tvoltane)
7
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4 } ot twde o b ean e oCaloelated oy b s Lov
N
| =
[ S

. CTTT e - —_—

J

%

5 b o lel RU o RU Circurts, the circurt value te vecler for

Cor e ()
b Pootne purely capacotive branch, curient voltage by

B [Teads)
7 In the current vector diagram, | . 15 dran as a /0clor pointing
oine posLion
3l \
‘¢
L -
~ A\
90"
N ) 'R
___________________ > -
{+ .
o) . R - “ .
¢ U ina the ~wmbolie 1o anc |, the total current m the circurt can
Seouratten vaorecianqgular Aotalion as
il ot
v

71
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o b U oLt Ll daegran, e renul Lant o vediur o ruprosents
Cve Grieat tlooang o the circunt oand

U wrwbe Dol ve oo bocuiie it oand
T ! :
‘¢ ! ,
' ‘
AN .
I
(8] \J IR |
—>
U — — — —
tlolal, ve "dQe)
PO f o U exomple corcunt L oand B can be calculated according
N e The FGQHILUSE of branch currents are
i B
I PO S — —————
b,o- N
e (\) £, YOOV R 5001 Xc 250
(2 3] h :5
T current sector diagre for the above example 1s given

I T tal current con be calculated to be

it e g e aagie of *

72
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PR AT S « Peovateulaled Jeer g g ot Ut Lo for total
. . 5 ,
' f N H [ H
. Dy ' o
-
¢ U - e
(&)
T
.
Pttty tagoatude o the total apedance can o direct ly
To Jeteonine (he phase of
|

k\)‘l“uv‘g“tl‘fj v bt’
el e redance, e omest oonclude the phases of £ and 1
3

U 0y uataon

. S —_
e b
cw Trt o urce sodiage (E00= 100 v) o the reference value and conr
3
e ricier an rolar form as
t =
) —_—
Tre totar currant ratten on polar form s
T e
100 ) Lg g /63 4]
s
9
V- a ,
S LN ZT = —  he toial ampedence rivttlen an
SRS . (Y} LeComr g |
T YT -
. ‘
o]
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P Foeurteer -1 1|
T el D Cldt e e tee s Ul poowr dassipoted aon the
CsasUive Cle e ! 3 fot ivoparultlel RO corcuits, the

CQUIL N L Ll tev e T 2o darllen i teros of I and R
.;1 =
,
(1 ")
Q@
7 Tme tioe pover tor the example circuitl 1S
For b ur g R ogiven 1n amperes and ohmy, respectively, the true
{ ~
(oL hoexpressed in
TUUEn0 T ey
12 wpiarent po oer 1s eqgual to lhe product of source vollage and
The magnitude of ¢ for the cxample crrcurt s
e 3
v g
Tlrol current 550)
I3 2eactive power 15 cqual to the product of the source voltage,
te tal current and the >ine / The magnitude of P for the
- X
SaTe L Ut s vars
L2 3 vars)
22 1o e rgrigtianal enalyaas of parslliel RC circuits. e

)

naroendent 1w

4

varv ine folloving circurt quantiiies and

ragpen~ o the remaining circurl variables
“requenc, (f)
. Souice eollage fe )
3
b {
3 Capactiance tC)
N o LN (R)

determ: ne
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SN IS . L Mt o sattiataee Uhe rules ond cguatiorn s
! oo et RO Crcu U Foeguenl use of tho curront
' e D Le ol te v unalbaize crrcurl o characie o Lo
Lasie ¢ oreunt Rutes and Eyuations
I Vol Loyl cult Ui
O 15¢
| X = ——__...éi
| C FC
NN g R Lox £
Vv an S ) = _3
S R R
[J
et
| C
Current Vecter Diagram o= 1+
~~~~~ : d TR
C
TAN / = R
R
P {1 R or | £
L R) R a3
p | 2 X X_ 0 | £ SIN /
= r
X X C T —_—
P o= (. ¥
3 T T a
P
L
PF = — = (0SS /
p o
a
2 S R AP RS S U R
f Q‘XC‘RQClT;T‘}/O‘PT%PIP PF
| ‘ . \ i ' x A X
“\ ' ' { I 1 ! i
d ; ‘ ' : i : [ i
l 1 I | ) | ' !
" H | ! H |
i ! | ! ‘ !
i ‘ ! 1 | C l ’
] ‘ A A ! } L l i i
in this vxarple /e 1nCrease frequency and determine the
corre pording changes f any, 1r the remaining Crrcuit
guantitics Upon completing the short statemenls, note the
/ariation n the above table by appropriately directed arrows
Ura. the current veclor dragram vshen necessary
P - Pesistance 15 a3 ohysical property  therefore R B
i oan ancrease in frequency
)
f - X un proporiaionzl o — therefore X v th
£ C p 2 ¢
AN o redsne 1 |
. T Yo E,,, et taand \D\ R
5

O
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' ! | . , CAPDUC e LG Ccaoth g doecican

|

B U

| 1

Toe oo deggran sho s thal o une phasc angle,

A S F R S Zr = I the tolal ropedonce
' 1
' Eonetd cun-tant and ‘T tnereased
¢

U A B Jiv o constant, P

1 - R U e e
B v pgre s pooor o cauals Eoox Vo and ot wviLh

) a T .

P R o S RO O o B

P

8

SR Phe a1 of —
LP

Toe o bered matraox for g enenge on freguency s
‘ - T T T !
i I 1 | ) 1l 4 7 i P ) i
i X C T i T | 0 I P p p
£ R f C Rk < l | !/ | T - ! A F
" i | z ; | ! i B 1
i ! ; ! | ' 1 J '
! i
T | m——— —_— i | ‘ l———)— !
; | ! ' ’ ! '
P ‘ ; | , ! | | |
PR N
B o o chang XC - decreanen lP - s alvo constant,
Lo Litanr ProToincirasces /- ongrcanses ZT - decreascs,
o S, O s Lan P - RO TeASes p - I nCreasns PF - decreases
i ’ 3

O
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Co e dV e e
; [ ‘ ';( - i 4)1‘
T 7
C R XC lp ’C | ’T Z, 1/’ 0 ; pT ' px | pA . Ff
i | | . } !
A S T R <
1 | | | } ; ' b
? | | | i 0 |
! i { | !
‘ | D
' ! | \ \
L!.. . o ‘ 5 ! | 1 | l ; R
- , —
' ! ! l .
! ! ! z ! ;
C R X¢ R . '¢ i+ 't T /O I P P P

L

Parallel RCL Circuits

3

Ao ople parallel RCOU crrcurt consists of one purely resistive
1
|

branch, wne purely nductive branch, and one purely capacitlive
Dranen Tne ba~irc rules four solving parallel RL and parallel
FC crrcuats appl to a parallel ROL circurt

A
25 <T A basirc RCL crrcust s allustrated at
the left Voltlage 15 as

C in the parallel RL and RC circuits
The to'al <ource voltage, £ _, appears
across branches AB, (D, and

B 3

O
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e oo , o slut s, e ocan Jdarectly setve for the curcent
L Co LGt cadh of the thrce branches using
e e e e
(L Lo
J7 S Pue tor branch Currents
e e e e

£, 100v R s50{1 X, 2510 - x, 200
A L T
- — e _
R —
| o=
L U —
| =
¢ [
e T 54 -
28 £ and the current flowing through the branch are 1n
pﬁaat, therefore, the vector representing IR s plotted n the
standard position
Trn)
29 Current n the inductive branch the voltage by 90°
wnile current on the capacitive branch lthe voltage by
30
T A T T e o
9

O
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P Fourteen-11l
3 e TR Jloo Uhe curtent ovedtur ::u]\]l()lH yel Soince the corount
e el tnree sepdtale doroclions Farst, we mnusi

fo e e Drgneh cur e U oan l’tulahgv\\‘ﬂ noldl 10N I'n

rectatyebar cotateon s the braach curront o the oxample Crircuit

P e e e
| .
L —— —— m e m———
4‘(_ e e
- - 5 e - v’ - - - "‘l" — T e T
- vt "\ o0 J 3 g, O a ¢+ "S d)
Lo B A AP A R I N i - — _
3! - 5324 Lrandts Curto it b they gre expressed an
N |
R Y A SV The vo~ulting sum s
| -2 a4 FECARN|
<
. Ly
I U 143
L
‘X O a4+ 529
{ =
1 [

3 AU O oy e o o vector doagran of the branch currents re-
areoc crea b ooand the Jriference betveen and

-y e — —

RO
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P Fourteon-Hid
N
1 I T T R A TN Jruoorepre aented oo the voo Lo
S s, ‘ G '\\c oo R Crreutl oCcurrent
[t [
se e b braa rocrrguler notatier Lo polar notaton
!
1
] S
- TN 3T T TTVA TR T TR T T T T e e e
PRI E) 65

‘ oLy poth the source voltage and total current, ve oan
Jve e ime total rmpedance of the Grrcurt usong Ohim'y Law

36 Dvrermice true v er, apodatenl pover and react rve poveer for the

[ ST
o] -
; [
P
3 [
© =
. x e e e

VAU Y TAKE THE PPOLALSS CHECK. OR YOU MAY STUDY ANY OF THE OTHER

9£>)JPffS LISTED !F YOU TukE THE PROGRESS CHECK AND ANSWER ALL THE

JUESTIONS (DPPECTL GO ON TD THE NEXT LESSON FENOT, STUDY ANY

“{l U (,r PNSTRUCTION YOU wiSH UNTIL YOU (AN ANSWER ALL THE QUESTIONS
PECTLY
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Py ullel RO ond RUL Corvcur s

L0 owteere s o s shoing parat el RO oCriqun s are adentical Lo
e used toowon pute RL o purallel values The only difleronce s
C e agn o b the oseliing crreunt phase angle AN inducUive
vooaliel Crrcurt has o negatove phase angle " hile & capachlive
Latoilel Cirout PS8 positive phase angle
1 The frist <step s Lo apply Ohm's
Lave Lo each branch ang faind lR
and |
C
By 75V §“ 1000 - X 75 /0 C 75 a /0
R e = e
75 /0° 06 a3 /+90
| ——_— = — -
{ 125 /-40
! St gre odded vectorially to fand and/_
0 96 a /38 6~
lT =0 75+ J0 6 = — e
g 750
Croe 1y yroon, Ohm's Lav oS applied Lo compulte !
e 75 /0
A Y e 78 2 /-38 6
C 0 96 /+38 6° L
T 1r22 0
O ST oo be determined
. )
Pl s k= 10 759 (100) = (0 56) (100) = S
! R
? ) . )
b T = (00671 1125) = (0 36) L125) = WS vars
A -
Poos o x £ = (0 96)(75) = 72 va
3 PT a
d 56
pr o= 2= = 078
P /
2]
Pyrallel 80 circuils react to changes 1n voltage, impedance,

- reastarcee the Lame .ay a5 parallel Ru circuits Keep 1n mind
st 0 e-sely proportional (o frequency and capacitance vhile
/ Gioco i), rrwporitional to frequency and 1nductance An 1ncrease
‘L e L, Cause 3 Ceurease 'n capacilive reactance
' L by cuccensfully mastered RL and PO ciacuits. you vl find

At tte e braceh BCL circurts o ll present Ao problem
¢2

O
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The "o U steyp s Lo band
" T T U ottt through cach branch
i —t 3 100 19;
| ‘ I —————ee—— = 0 | 3 /-90°
l 400.¢ | - XL [N 103 /450" T
e > . o | 230
/ VE, 100V X, WKL R X ¢ N, )
N A ) L , C - t . Vv oo
> 500« \ R VR
j R R 500 70
£ 100 /07
8} — - S
b= == = y———— = 0 25 o /490
b e e C XC Loo {:900, —w:i——
Covtvve e L O Currents using fectungular notation
I = o - ;0
L J
l.o- + 40
R C 2 |
b= 0+ ,0 2
' j 5
‘T =02+ 3015
Fooany [C tend to cancel each other and the resull s 0 15 amps
u& reactrve current To fing t_, the resislive current (IR) and
Ut S frerence betveen IL and IC arc added vectorially

0 25 a /+36 8°

IR 2a '
Ore I, has been ogetermined, the Olher Circuit values can be computled
'r oexac! lv Lhe same manner as In any olher circuil Because the
matheral 1cal procedure to derive reactance 1n the parallel RCL circuits
1y Lo dengihy . the since function of the circurt phase angle 15 used
te re olve the circurt value of P
X
£
3 100 v
ER = 400 -36 8°
4 ; 025 /+36 8° /-3
P o= )7 xR = (0 04)(500) = 20 v
Pl E X SN = (¢ 25) (100) (0 599) = 14 9 vars
x [
o=l x Ea = (0 25)(100) = 25 va

Pr = C0S / Cns /36 8° = 0 8007

«T THIS POINT. YOU MAY TAKE THE LESSON PROGRESS CHECK . OR YOU MAY
THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCT ION OR BQOTH

U TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR-
TLY, GO TO THE NEXT LESSON I F NOT, STUDY ANQTHER METHOD OF
TPUCTION UNTIL YOU CAN ANSWER ALL THL QUESTICONS CORRECTLY

- 0 — v
o
0 r— O <

63
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Study Booklet
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ovtrvlow

! T Y . . s [ CLdy and Pevrn gbout the fol o ALY

-analyvsing 3 parallel L Ccricun

-an adeal parallel L0 circuit operasting
al s natural! resonant frequency
-analyzing a practaical tank circunt
-ettects of operating paraliel LC
crrcurts at other than resonant

frequency

-tiiters usaing paraliel resonant circetts

BECIRE vy START THIS LESSON  PPLVIEW THE LIST OF STUDY RESOQURCES

{6
o
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CILT 0F STULY KESUOURCES
LESSOH 1V
Mo ounant Proguenes oa Paratled a0 Corcunts

' ; Lt ool e Uhas Tesson you have the option ot chious iy,

Sov d 0 te suL eaperience and protecences, any or atl oof the

- 2 '
STuuy BOCKLET
Leason Harra' s
Yrograryied Iostructioun
cuosen Sovany
EHRPDHENT MATER T al

NoPERS §34CCN- 1L M'Basic Electriciy,, Alternating Current
Foodamentals of Electronics Bureau of Naval Personnel
Wo oongton, DG U 'S Government Printing Office, 1965

AUDTG-T 50

Stide/Suunre Presentation - " Resorance 1n Parallel Circuits

YOuU o0 NOW O STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE You
MOV TARE THE PROGRESS THECK AT ANY TIME

&7
Q
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Lo S v Paraidiel AC Cricun s
I
2 [ [SRVRIEN
St ot e sugule. v ouve analyzvd paraitetr RU, RC oand
LN Heo o ol cueal e {dosregard ol ciicunt
teso U Pg L U thal o nas oy rrcaclive compounents,
: ISRCTEN g e e |

To o toonoon owretozing this L perallel circu toas to determine

tthe U otat cur.ent anu then total arpedance
r“"—" Ty T T oo
//\
[N\ Ve, 120v ¢ x, a0l - x . 3001
v/ A ¢
/
T/
‘o0 g pacalle! Circuit, we wall analyce the problem
¢ ot e current vector diagram Again our common reference

o e aunlaed voltacge

da . Usirg Ohm's Law, we determine

A %0 the current through the capacitive
————————————— branch s 4 amps, and consiruct a
vectar for 1 to shos that current

Teads the vo§Lagc by 90°

deocan Jeterming that the current through the 1nductive branch

r~ 3 smne Tne wecto for I s graua e “how that voliage leads
Curreat t, 90
¢ I 40?
A
______________ o0 /
1, Jo /
t -
Brcoune 1 oend 1 are 1807 out of phase, we can algebraicaily add
the-v guadttities Lo solve for total current
|C = 0 + Jh a
o3
] = 0 4 1 3
T |
tE
O
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K N e ¢oLan Solve too Z{
£
7 o= L
o1 [
i
b
Doy
2. = 120
[
Moto o rral Ly s giedler than edther Xooor X This 1y an mportant
A L
Soumal ot g paralleld LC crreuit end 6 ll discuss it furthe
W Ue nurce of puier te remcsed, current aa bl continue Lo
Cortulatle tel e L oand (
r____—‘»-\\. 1
[
i T
L J - o
S ’ \J
:_ - » |
7 Lg - DhMPED WAVE
j L (l
Tmiectior s due te the Jischarging of the capacitor and the
coitapsieg facld of the inductor The current "n 1l continue Lo
crrcalate back ard forth bet 'een L and C at a diminishing 1 ate
nodarped Lave os formed due 1o the resistance presentl in any
Draclrcal crrcunt This action 15 hnowun as fiysheel action or
£ rer b oefrect
foral Chircuit at Natural Resonant Trequency
Moooace Unat XC and Xl are vqual, both 30 ohms
o X
,
EAI?OV
x, 30fl L x. 300
T
f IKHz
~ //ﬂ
Current 1+ T1o 1ng 1n both branches of the network = + b amps
and 1 - - Ph amps The current vector diagram 15 plogled below
“
| 4q T
; S 3
A
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Loy, oo o e caea b and vppur e, The Lanee booalh oinier

U [ v l‘:ngi Cud fenr T s LS e ol gny Qaven anstant

ol e, wwr et Hho g n une e tion thirough thie capac i

Lra oo b Ut u Teer Land an the Cpposite Jdirectiun through the

(RIS IVIUE N R S T The Gopearance from the center point, C, s
v ' C To oot b Corcutaring Lu?rcﬁ{

et vty g the pared el LU Crreurl s calied a tane

T 1o U 10 be stressed s that there 18 no current Jdrawn trom
- 1
1 |

T2

e current equals O A high current flow
i the e, Lul e Current tlous to or from o the source

g tor Zoon thie v deal coreuntoyields

i
l_ = 20v = anfinity (o )

8 .

Jivid g Tero Nty any nurmbed

actually yrelds an undefined numbe-
becumes smaller and smaller, eventually there s

A N O 4 i i
' LIN
currect flow Trom the source, and an infinite amount of oppo-

sttaiun oS amplied )

Nen the-©o condrlions exist

C L
eine T ©
1, = o

The parallel circurt 15 sard to be at 1ts natural resonant
frcougggl

Natural resonance 3lways occurs when XL = X

C

Thiv 1o true for both series and paraliel crrcuits

In pract:ce, an "itdeal circurt' never exisls becCause

re~istance 15 always present However, we witl further discuss
thnrs tdeal Crrcuit to better understand what takes place at
ratural resonant frequency

Recall that to find rescnant frequency 1n series AC crrcurts.
we used thin formula which came from the XL = XC condition

. . 0159

LC

in parallel circuirts at resonance al<n, the same
ed to find ¢
)

Since X =

XC
formula 15 us
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ta ey )
xc 100% 3. L 265k
vj' x| 100/
Poooractieal aonlications, ideal crrcurt condilions can never
De A0 e sed ioorractacal circutt al ravs bas some regstslance
Tors resistance 18 pricgr .ty due to the co:l 'y rnindings and 1,
Crprcind g A resistor an series i th the ol oan the ahove
Crrourt
e R E PR N XL and R 1o weries, the phase angle 1< bet :cen
D 4t 99
TP et . It at oine current an o the coapactior, and the current in
the cn b oare mot exactly 1807 out of phase, nd therefore  are
NGt oerac ), "J‘Ja} ANC ONPOST Le
Since TRt o currents go not comnletel. cancel . there 1s anme
[ R S T ]r_u,..'\g to and from the sogrce Obviously, o the
[T RN )'l i 2 ],3r(;,~ there R BRI I (j,f{““.n('r betveen
. L -~
the o, Sranen Current AY the net Tine current 14 wmall
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———————————————— IR

{practical)

Lo e e lihougn thie impedance of  the
: g w e Vorol i lanile as o e tdeal tank,
v OO S . vy [N id'sk
s S oeaed Sowostle 1O Seraes Tesunance . since
RSV L S IV I votLund e Crrcur o urrent Lo
. —_—
i

I

o
~
a
[N
[o7]
3
-~
g4

aoelle sra

H e Practical Paratlel Circurts

Gee oot Umar e L0 crrcunl operates at i ls resonant

<
lauTe Lne regClances Are equal We have seen that X = X
T

he

Clw o cee o rooosUive blau, hether R, L, and ( are 10 series

{

T ot C VR

3 giren L oand C combrnat ron

1 of rescnance, the effcects of the
v ot wanceiled (X Jues not equal Xr), leaving one

alyzing the oft-resofnance effects
Linction., ¢ learned that hen X 15 the

A S AR TSRO I a TR | T0an

. ~1 -
[ N L L0 ¢

L3 ite Crresn s anducliue v hen Xooas the lairgér, the

¢

[ DN TARS LI G I

cre ot g allel Crrcurl snoton beloye

X
L
OO0V variable ~L X

C
frequency
generotor

cea o0 )le B0 Ys Lty reionant frequency Suppose e

Y e ,',]7'1al)|(j“r’f‘e\ﬂul\'ﬂc4\ Qenergior o produce an oulput

S Ma. decieased X decreases but X oincreases
e

cr focurnc ik curren, Lhrough the u)lg inereases

be e wwrres i througt ime capacitor docreases The total
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Y e s out o regdatie, e el bo,othie peral el

AN

Coorreun U anpears inductve

Seoe faise thne source frevuency above f X rncreases and
- ()

Xo duoredre AL thios tTreguency, the current %hrough the cotl
C
Juotuase., hode the curient thicogh the capacilorn increascs
"eocwroenl tror Lhe soutoe 1S Capac tive current and ot leads

3
e oL tied soltage (I1CE) Therefore. the Circurl behaves ke

T3l Ui Carcut
Coneneral e see

brotre applied frequency 1. above the parallel
0

CTeurl ogppears C3paca live

arog Farallel Resonant Circunts

P -

|
.
-
;
o]

cparalicl resonant LC circuit may be used on a very efficient
DandraLs tiiter A very common use for 3 circurt hike this s
thie tuning scection of a radio recerver The high impedance of
e tane Circurt at or near resonance develops a relatively
high wveltage 1 pa-s on Lo the folloving circunts Here 1s a
schemat ¢ of this type tank -

anicnra

———— |
—1\ >!o radin

> |

Freguencre. higher than the resonant frequency are bypassed
through the capac:tor vhile theose below resonance are pasced

throuah the 1nductor without producing 2 significant vol tage
drop

By using 3 variable capacitor 'n the circurt 3 tunable filter
results, and the circuit can be adjusted to pick up one par-
ticular radio station while rejecting all others

9‘)
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This s wolled a bond

clirmngtion folter, for at

& - \ '
( l Cculs oul 3 timited j1ange of

frequencies withoul greatly

5 attecting signals above or
/ = -
input beloo 1 ts cutoff freguencies

\ e

\ T

/ output

{

\ !

SRS SHR——

NTOTHIES POINT, YOU MAY TAKE THE PROGRESS CHe K, OR YOU MAY STUOY

SHODF Tef DTHER RESOURCES LISTED | £ YOU TAKE THE PROGRESS
Creflv N2 ANSWER wlL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT
LESSON [F NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL

70 CAN ANSWER ALL THE QUESTIONS CORRECTLY
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t o R e Pyratte bl Curcants

Toly e R o D S LENLE HeD N0 TEST FRAMES

Tre Taear LC U oreut

¢ i /

L st s nodele, e have discussed paral lel Ru, RC and RLC
e U ard Soveloped rules for Jetermingng the circurt values
E vertorn @ a varietiunal anelyvsas on these circur Us, ve have been

o v oebherye characteristacs of each type of cricurt vhen Circurt

cwes are andeendently vared A fourth tvpe of parallel Circunt
Turring ol regciive elerents Jisoliys interesting and unigque

oo lerastic, e parallel LC crrcurt cannot be totally vithout
‘ ot b gl circuits have resistance 1 n thoerr elements and
" Howeser, v vl Burst discuss the ideal circurt with only

tact v e vt o and later consicer effects of resistlance

\ The ba-v¢ vdeal LC circurt v~ ~heun 1n the diagram belov Since
U~ 4 oourallel circunt, Iy common and the Volldgc
I L A the drop across (D
A C
L 0
£y 100V x. 258 x, 50l
B D

“—‘77D11u3|‘eme}»)
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t ' [ 1

. N . i ey toroeah colh bra oo can he caloulated foom
. [ ‘ [

4
Q

foX
L
Iy

TR
L
£

wd | -2
: R R
S R vy oo Trage and ampedance in the example, faind

| =

¢

|o=

L —

T

R

{4 3 23, 0 a)

3 Pe erwer that current floviing through resistance 1s 1n phase with
vol lege . tnductlive Current the applicd voltage by 90°, and
Cdomlilive current ] the applied voltage by 90°
Tlags leads)

4 Tre folloving current vector diragram can be dravn Current through
(me "o~ slive elementls 1g «n the 1deal LC crrcurt example

Ic 4a
E
______ A
I, 2
7
“Zeru\
96
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: : Jirahled RUL Cvrcuits, ¢ var o add 1ound 1T vhen
CN il reold gular ton Thiw v the s s saving that
L Lt L A U O R S S VN IO A S S Jegrecs

! t . Cd Lo gdder v aadiong the o difference
STy e - ——
b we o1 Lol e three U opes of current oo rvctangul s

oy Vo e onaty e o rcunt
| =
R S
i =
L
{ -
C ______ ———

oo+ Co. 0o 428 0a+ L)
; TheoU Ut wireur U ocurcent can be calculated by addong
I, =0a+ 50 3
P J
i =0a - 424
L )
[ 0 ¢+ jb s
C
| =
T N
206 < 12 a)

3 boooms exarple, total current expressed 1n rectangular notation
ca Lo va ale (onverted to polar form Thercfore, IT =03+ 32 8
oo tar farm become s

| =
T
2 a 7907
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9. The total impedance can be calculated from Ohm's Law:

(50 2 /-907)
,..__./'._—
10.
= L o
. TN

When the source of power is removed, current will continue to
circulate between L and C. This effect is due to

(The discharging of the capacitor and the collapsing field of
the inductor.)

. /\L\,\A
\J Y

DAMPED WAVE

After the source of power is removed, the current will continue
to circulate back and forth between the inductor and capaci tor
at a diminishing rate. This action is known as flywheel action
or flywheel effect. The damped wave is caused by the _

present in any practical circuit.

{Resistance)
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Ideal LC Circuit at Natural Resonant Frequency

As we will see in the following frames, the ideal LC parallel cir-
cuit displays unique properties when the inductive and capacitive
reactances are equal. The frequency of the applied voltage at which

X, equals XC is defined as the natural resonant frequency of the
crreuit,

12. In the circuit illustrated below, XL is equal to XC.

@sA 100V == X¢ 25} x, 25(1

Recall the equations for reactances:

0.159
X = ~F¢
X = 2fL

The frequency at which X, = XL is defined as the
frequency o? the circuit, and is denoted as fo.

{natural resonant)

13. | f we change the frequency from resonance, say increase it,
X and X . In any case, X. no
16nger equals X . "A similar non-resonance phenomendn occurs
if we decrease %he applied frequency from fo.

(decreases, increases)

99
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14, In the current vector diagram below, the inductive branch
current is _ to the capacitive branch current.

f\) £\ 100y —-xc 250 x, 250 #

(equal)

15. In the paralle! LC circuit at the resonant frequency, !C and
I, are equal and vectorially plottec in
directions.

(opposite)

16. The total current calculated by vectorially adding IC and |
is

“(zero)

17. When a parallel LC circuit is operating at resonance, the
current flows from the capacitive branch o the inductive
branch at one instant, while at another instant current flows
from the inductive branch to the capacitive branch in the

direction.

(opposite)

100




P.1. Fourteen-1iV

18. This alternating current appears as a loop of current in the
tank circuit defined by ABCD in the diagram.

A C
E, 100v - xc 250 xlzsﬂ
B D

Even though current flows in the tank circuit, the total cur-
rent flowing from the source is

zero) ]
19. At resonance |, = 0, so the total impedance is infinite.
Solve the circuit in frame 18 for 2y
ZT =
Ei _ 100 v = o
IT 0 a
(Note: Any number divided by zero is actually an undefined
number. However, as current gets smaller and smaller, impedance

must be increasing, so that when current is zero, impedance must
have reached infinity.)

20. In review, the natural resonant frequency of an ideal parallel
LC circuit occurs when capacitive reactance
inductive reactance.

(equals)

101
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in practical electrical circuits, resistance is always present.
This resistance changes the special characteristics of rescnance.
The extent of the changes depends on the ratio of the inductive
reactances to the resistance. Recall that low-Q coils have a
relatively large resistance.

{effective)

22.

A practical LC circuit is shown in the diagram.

x, 100

>
l

#0{l

Recall that, with resistance in series with L, the current flow-
ing through the inductive branch is no longer 90° out of phase,
but lags voltage by a phase angle between and 90°.

(0%)

23.

We represent this change in the phase angle inductive current,
as indicated on the vector diagram below.

Right away, we expect the total clUrrent at resonance to be
, due to the presence of |R'

{greater than zero)
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24, In the idea) parallel LC circuit at resonance, 1_ is zero,
and the tota)l impedance is infinite. In a practical circuit,
o if R is small, the total current (or lLlNE) is also small,
T and Z. is not infinite but remains
ﬁg T
e R
L {large)

25. Recall that resonance occurs when the inductive reactance, XL’
is to the capacitive reactance, Xc.

26. In the circuit example, assume that we have fixed values of L
and C. The reactive impedances are defined by the equations:

><
1]

2nf L
o

X
C 2nf C

In the resonant condition, we can equate the two, XL = Xc,
and substitute:

A T
(o]

The resonant frequency can be calculated from this equation,
using 2n = 6.28.
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27. 1f we now increase the applied frequency above fo’ keeping all

other fa.tors constant, XL and Xc

(increases; decreases)

28. Since XL is gredter than X., the current flowing through X

is than tﬁe capacitive current. Look at L
3
Ohm's Law (I, = <=) for the solution.
L XL
(smaller)

29. We can say, therefore, that when the applied frequency is

above fc’ IC is larger than IL and the circuit appears

{capacitive)

30. If we decrease the applied frequency oelow fo’ X

and XC L
\decreases; increases) D
£ £
31, From Ohm's Law, |. = =% and | =2, 1 s
C XC L XL L

than | . when the parallel LC circuit operates below resonance.
In this case, the circuit appears

(Targer, inductive)

1CL
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32. Parallel resonant circuits are commonly used as filters to
select or reject narrow bands of frequencies. Based on what
you know about filters and parallel resonant circuits, which
of these is a bandpass filter?

Ihd.————————?é INe——

L e
B
A T our
out
ad o 2

33. Choice A is correct, for the parallel LC circuit has a high
impedance at or near resonance only. At any frequency lower
than its lower f_, the signal is shorted through the inductor
to ground withou%odeveloping a usable output voltage.

A signal at a frequency of 20,000 Hz __useful at
is/is nat
the output of a bandpass filter with the resonance curve shown?
30 XML

|
y 4

lower {4
28 KHZ

upper f.q
kyl {51

-

E A,
\/

—— impedance —»

{is not)
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Frequencies higher than the upper f are bypassed through the
capacitor and again no usable outpu%ois developed. Using the
graph from frame 33, determine which component offers low
impedance to a frequency of 65 KHz?

s
s

{the capacitor)

35. Because the impedance at (or near) rescnance is high, an
output voltage develops across the tank circuit in this region,
and a graph of voltage veisus frequency looks much like the
impedance curve.

What is the resonant frequency of the circuit whose output
is graphed here?

1495 Khz 1505 Kha
lewer&o o

voltuge ——>»

(1500 KHz)

36. A very common use for bandpass filters is the tuning circuit
used in a radio. Placing a variable capacitor in place of
the fixed capacitor allows the resonant frequency to be varied
so that one station will be received while all others are re-

jected.

What station (frequency) does this circuit select?

{1590 KHz)
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37. A parallel LC circuit may also be used to eliminate an unwanted
frequency, such as interference to the picture of your TV. This
is done by wiring the circuit a little differently:

b

INO—— our

w

Here, the vcltage developed across the resistor (IR) is
at resonance because the impedance of the tank

max imum/minimum
circuit is .
maximum/minimum

- wm e m wm m owm m m oM W om M ou e e wowm ® w o m oW o om o® ®m om = ow w o w = w m oa o m w

{minimur; maximum)

38. The circuit shown in frame 37 is a band reject filter, for it
eliminates of frequencies from the
one band/all but one band

output.

- w wm e e e wm mom e wm e w® om o w™ e @ e ® e wm ®™ w e w™ o om o om owm o w om o wm o= e w m -

{one band) B

YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE
OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER
ALL THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. |F NOT,

STUDY ANY METHOD OF INSTRUCTIC ' YOU WISH UNTIL YOU CAN ANSWER ALL
THE QUESTIONS CORRECTLY.
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SUMMARY
LESSON 1V

Resonant Frequency in Parallel AC Circuits

To further your understanding of how components react to applied

frequency when connected in parallel, we will now idealize (dis-
regard all circuit resistance) a circuit containing a capacitor
and a coil.

Consider first that | and |

are 180° out of phase. Because

).

of this phase difference, they
cancel each other and the current
drawn from the source equals the
<’\/ K, 5Ov X, 00 Lox, gk{ference between the two (IC - IL
™~
50 /0°
WU so e TR
50 /0°
'C = W = 1.66 a /+90

N @ ntgxl ot L x¢ %00
la \~/ lc 1.66a

As you can see from the illustration, | amp of current passes back
and forth between the coil and the capacitor with the source supply-
ing the extra 0.66 amp to maintain IC at its Ohm's Law value.

Because of the transfer of energy between the two reactive devices,
total current is less than either lC or |

L

By applying Ohm's Law, we can solve for ZT'
E
-2 .20
S N 1 SRR

—
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Note that Z_ is greater than either X  or X, . This is an important
aspect of a parallel LC circuit and wé will "discuss it further.

When the source of power is removed, current will continue to circulate
between the inductor and the capacitor forming a damped wave. This
action is known as flywheel action or flywheel effect.

Circuits which contain inductance in parallel with capacitance are

called tank circuits. The current which flows within the tank (back

and forth between the capacitor and the coil) is known as circulating

current (1. ) or tank current (I ANK)' The current which the source

supplies i§ called line current (T ). Line current is merely
—_— LINE

another name for (.

T
By looking at the accompanying
schematic and using a little
imagination, you should be able
to determine | and circuit

“C’\D ‘té‘ooa R¢ =< impedance. Yoii '¥En see that
150v 1000l X, = X This means that I = I..

Due to the 180° phase shift between the equal branch currents, there
is a complete canceling effect and 'LINE is zero.

150 ] -90°
'L = Too fmem T ' e L0

150

lC = o0 790 - 1.5 a /+30
| .0 - b5
LINE 0 jl.5
0+ jO
With line current known to be zero, circuit impedance can be computed
by Ohm's Law.
2= %= —(')29= infinity (& )

(Remember, this is an ideal situation.)
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When these conditions exist

C L
e = L
‘o = O
Z=

the circuit is said to be at its natural resonant frequency.
Natural rescnance always occurs when the frequency of the applied
voltage is such as to make X, = X_ . This is true for both series

and parallel circuits. L ¢

Recall that the formula used to find resonance In series circuits is

fo - ] or 0.159
21 /AC TC
The same formula is used to find the resonant frequency of a parallel
network because we are looking for the same circuit conditicn, XL = Xc.

!n practical applicavions, ideal circuit conditions can never be
achieved. The resistance present in the coil's windings upsets

the balance between current through the inductive and capacitive
branches.

©

W1
JT
Py

The two currents are not exactly equal and opposite; therefore,
there is some line current drawn from the source.

Iy The dotted line {1,) represents
what 1 would be urider ideal con-
le ditions; the solid vector (1, ) re-
presents the actual current Ehrough
H‘ the inductive branch. Note that |
'T
h

currents are not exactly 180° out
of phase.

4 is slightly less than |_ and the two

1o
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Due to the resistance in the circuit, | increases from the ideal

) INE . . S
value of 0, and impedance decreases fro% infinity to some finite
value,

A more practical statement of conditions at resonance of a parallel
circuit is

S,
ILINE = minimum value
ZT = maximum value

At the rescnant frequency, 4 parallel LC circuit appears purely
resistive to the source (/6° = 0°) because the only current drawn
i's due to the circuit resistance. |f frequency is varied from
resonance, the reactances (XL and Xc) are no longer equal.

When the applied frequency drops below f |, inductive reactance
decreases and inductive current increases.

At the same time, capacitive reactance increaze< and capacitive
current decreases.

Since the inductive current is the greater, the circuit appears
inductive at frequencies below resonance.

When the dJpplied frequency varies above the resonant frequency, in-
ductive reactance increases and inductive current decreases. Capacitive
reactance decreases and capacitive current increases,

Since capacitive current is the greater, the circuit appears capa-
citive at frequencies above resonance.

Remember, at resonance is minimum and 2 is maximum, SO

'Line 'Line
will increase whether frequency goes above or below resonance.

One use for this type of circuit is a band-pass filter. This filter
develops a significant voltage only if the applied frequency is

near its resonant frequency. In this way, we get a circuit which
selects a8 very narrow band of frequencies and rejects all others.

A variable capacitor is used to build a widely-used tuned circuit

for radio receivers:
anfenna

/ to radio

4\
1

O

ERIC
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The capacitance is varied to select the desired station while al}
other frequencies fail to develop usable outputs.

Wired like this, the parallel LC network forms a band-reject filter

input

output

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY
STUDY THE LESSON NARRATIVE OR 'THE PROGRAMMED INSTRUCTION OR BOTH.
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR-
RECTLY, GO TO THE NEXT LESSON. IF NOT, SELECT ANOTHER METHOD OF
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.
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OVERVIEW
LESSON V

tffective Resistance in RL Parallel Circuits

In this lesson you wiil study and learn about the following.

-practical RL circuits
-solving for current
-effect of Q of a coil in parallel

RL circuits

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES
ON THE NEXT PAGE.
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LIST OF STUDY RESOURCES
LESSON V

Effective Resistance in RL Parallel Circuits

To learn the material in this lesson, you have the option of choosing,

according to your experience and prejifances, any or all of the

following: l

\

//)

STUDY BOOKLET: -7
Lesson Narrative
Programmed Instruction

Lesson Summary

ENRICHMENT MATERIAL:
NAVPERS 93400A-1b. ''Basic Electricity, Alternating Current.”

Fundamental of Electronics. Bureau of Naval Personnel.

Washington, D.C.- U.S. Government Printing Office, 1965.

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY
TAKE THE PROGRESS C(HECK AT ANY TIME,
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NARRAT I VE
LESSON V

Effective Resistance 1n RL Parallel Circuits

Practical RL Circuits

Up to this point in parallel circuit analysis, we have con~

sidered the coil as ideal. |In other words, we have assumed
that the coil was purely inductive, but in reality we knew this
to be untrue. A coil also has resistance -- the effective re-
sistance of the coil. When the effective resistance of a coil
is high in relation to X, , it cannot be ignored.

7, 0o ,0°{l 2, X

_ If the Q of a coil (Q = —L) is
1 less than 10, the effective re-
Reffsistance must be taken into
jo0flconsideration. The branch of
| the circuit which contains the
:X coil is no longer considered
| purely inductive because, in
‘&oﬂeffect, there s reststance in

series with the coil.

£, 00OV %aunﬂ

T T T T T T
|

|

When a leg of the parallel network has both R and X , then |
through the leg no longer lags E by 90° as it does in a purely
inductive leg The phase angle changes, and as with any series
RL circutt, the ohmic values of R and X <cannot be arithmetically
added to find the total impedance in thé branch.

Before we can determine the current flow through this resistive-
reactive branch of the network, it is necessary to find total
impedance in the branch,

Remember that we can vector to find Z. in series AC circuits
only; however, the coil and the effecIiva resistance are in
series in this branch of the parallel circuit.

Find Z of branch 2, or 22L by vector addition.
2,100 [0°0 =2 =
{Rets 6001

| ,
Z,

E, looV R 100{}

X, 80{}

.

|

|

n ]

} |
|

! J

| |

e __
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Impedance vector dicgram:

As this is a 3-4-5 triangle,
you know 22 = 100 ohms, and
/8 =53 1°.

Solving for Current

Now we know that the 'mpedance in branch 2 is 100 ohms /53.1°.
We also know that because the coil and the effective resistance
are in series, the same current flows through each one. Current
through 22 1< determined as follows

E
| = ._..a_
22 22
100 igi
= i 2]
|22 W (Remember E is t e
common reference in
a parallel network.)
! =1 a /-53.1°

2

(Note: Here we are saying that the current in the inductive
leg is lagging Ea by 63.1°. This makes sense because in a
purely inductive circuit | lags E by 90°, but because we have
resistance in series with the coil, the phase angle has de-
creased from 90° to 53.1°.)

Current through Z1 is determined in this manner.

E
| = __a_
21 TR

100 v /0°
'21 T To0 A Jo°

2y =

Adding the Branch Currents

To add the individual branch currents to obtain total
current, we must express them in rectangular notation.
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a /-53.1° {polar)

22
by, = .6 - jo.8 a (rectangular)
Adding IZI and !22 to find IT.
|Zl = 1.00 + jO a
by = 0.6 - j0.8 a
Therefore 1. = 1.6 - j0.8 a
Now we have | expressed in rectangular form.

T

Constructing Current Vector Diagram

TAN /8
In the trig tables, we find: /8 =
cos /e =
|R
Then COS /B = —; transposed, !, =
— | T
T
In polar form, Iy s 1.8 a /-26.6°

Relationship of Q in Parallel Circuits

= = ,5000.

'L o8
'R 1.
26.6°.

.8942

Since we know the vaiues of re-
sistive and inductive current,
we can use the formula

In many applications of parallel networks, keeping power con~
The greater the Pt of a
given circuit, the more power consumed.

sumpt ion at a minimum is important.

When effective resistance of a coil

increases, then the power consumed

circuit consumes more power, the inductor stores
A low=-Q coil dissipates more power than one of equal

in a parallel RL circuit

increases. When the

less power.
inductance

with a-high-g because the effective resistance is greater in

the \ow-g_coil.

As long as the Q of a coil remains
concern ourselves with the phase shift of the inductive leg be-
cause the effective resistance is negligible. However,
Q of the coil is less than 10, phase shift must be considered.
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For your purposes in this school, you will disregard the ef-
fective resistance of the coil unless ctherwise directed.

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY
STUDY ANY OF THE OTHER RESOURCES LISTED. 1F YOU TAKE THE
PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO
TO THE NEXT LESSON. |F NOT, STUDY ANY METHOD OF INSTRUCTION
YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.
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PROGRAMMED INSTRUCTION

LESSON V

Effective Resistance in RL Parallel Circuits

THIS PROGRAMMED SEQUENCE HAS NO TEST FRAMES.

An inductor possesses both resistance and impedance. To simplify
calculations, we can represent the effective resistance of a coil
as a pure resistance in series with the coil. With the resistance
“"removed', the impedance of the coil is again purely reactive and
its value is represented by X

L

1. In the parallel RL circuit shown, four majur elements are
indicated although the actual circuit has only three parts --
vol tage source, resistor, and

T
+— |
| t
| Rt
|
O AT
3
- \
L___.—_‘

(inductor or coil)

2. R and X are expressed in ohms. The effective resistiance of
the coi& is expressed in

{ohms)

3. To calculate voltage and current values for the parallel circuit
illustrated, we can start with the procedure developed in the
last lesson for circuits with purely resistive and inductive
branches. For the resistive branch, we calculate the branch
current according to the equation | = , since
voltage is common and the voltage drop across the resistor
is equal to
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L,
mTTTR
e
| IR of4 Similarly, the voltage drop across
¢ | ! the reactive branch is equal to
AV A R : : the voltage.
|
! ;x‘
l ,_ D!
ot
(source)
5. Neglecting the resistive branch for a moment, we can solve for
current flowing through the inductive branch as if it were a
series circuit as shown, With
R and X , this is simply a
eff L RL circuit like you
studied in Module Twelve,
-7
e —y
s :Ro"
/ £, \
\)f 3
DI
{ N [
L
{series)
6. Since R £ 5 is shown to be in series with the coil, the impedance
of the Branch {22) must be equal to the sum of
Ref‘ and XL.
{vectored] -
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7. You know the voltage drop across the resistive element is in
phase with the current. The voltage drop across the inductive
element is out of phase and current by 90°,

(leads)

8. Recall that in a series RL circuit we cannot directly add im-
pedances to obtain the total .mpedance of the circuit. ZT
must be obtained by vector addition of and

Draw the impedance vector diagram for the inductive branch in the
circuit illustrated and label the impedance and phase angle.

b 4

' 3 ‘__3“1
B

: :lo"
@tA § R \ 2
| |

R

L ! %
o

9. Calculate the impedance and phase angle of the inductive branch

when Reff and XL are both 10 ohms.
ZT =
_/_ﬁ =
(14 o, §57)
12?2
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10. The imopedance of the inductive branch can be represented in
rectangular notation as:

ohns .
0+ 110)
11. The same current, 1., f'ows through X, and Reff For & source
voltage of 100 volts, we can solve fo% I2 us(ng Ohm's Law,
£
l2 = 73 (impedance of the inductive branch).
"2
When we divide 100 volts by 14 ohms to obtain |_, we must
consider the difference between voltage and
current.
T
T i
2 ! i
| ‘ .“
t, 100V él : i‘oﬂ
3
X 1ol
— \
U
{phase)

12. Remember that we are solving this branch for impedance and
current in order to ultimately solve the parallel RL circuit.
For the paralle! circuit, £ is the common reference and
therefore has a @ phase angle. E_ written in
polar form is 8

{zero; 100 v /O°)
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13 With £ = 100 v /0° and 2. = 14 @ /45°, the current |

flowing
througg the 1nductive branch is

2

14, Recall that in a pure'y inductive circuit, voitage leads
current by 90°. This is the same as current lagging vol-
tage by 90°.

For the 1nductive branch of the example circuit, we have found
that current lags the voltage by US°. This decrease in the
phase angle from 30° s caused by the in the
circuit

{resistance of the coi! or Reff)

15 Current flowing through the resistive branch can be calculated
directly from Qhm's Law.

]
— b 1 0
l' : ; :Re(f
|
€ N Joll -
AmV ?RSO | | ‘
| |
Py ™
|
! hoQl

100 v /0°
RO A"

12k
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16. For the parallel RL circuit, we have calculated the branch
current to be-

l] =2 q /0°

|2 = 7.1 a /-45°
To find the total current for the circuit, |, we combine
[, and ! by addition since the two currents

are out of phase.

other (1, =2 /0%, 1, = 7% /-45°) combining them is a bit
more duf}ncult. To gombine\these to currents they must first

be expressed in

18 I] written In rectangular notation is
{2 + JO}
19, Branch current |,, consists of a resistive component ¢l )

and a reactive cémponent (1, ). To change |, from it's polar
form (7.1 /45°) to rectangu&ar form, follow the procedure
learned i1n Module Twelve, Lesson 111,

resistive element (1_} = (Cosine /8) (Hyp)

R
reactive element (1 ) = (SIN /8) (Hyp)
Convert |, to rectangular notation

2

(5 - Jj%
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20. The procedure for adding the branch current vectors can be
visualized from these diagrams.

step | step 2 step 3
IR 2a 'Rett Sa '8 2a
by TReetS * Sa 2 h+l2 'Ry 5,
-]
] eff : a ‘ a
] — Lo ]
Sy
7la ‘ Iy
lLSO i 5a [, S5a
X _v_ -
| Convert |, and |2 from polar notation to rectangular
notation
2 Add |, and |,  to determine the total current expressed
in rectangular notation
3 Convert lT from rectangular notation to polar notation
Solve the example problem for total current and express in
polar notation |T =
(86 s /-35.5°)
IF YOU DID NOT GET THE CORRECT ANSWER, GO TO FRAME 21. IFf
YOU WERE CORRECT, GO TO FRAME 29.
21, From the diagram, branch current, ", 1s 1n phase with the
common voltage and possesses @ zero phase angle. The polar
representation, |, = 2 a /8°, can be directly written in

rectangular form I, =

(2 3 + )0}

126
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22 Converting |, to rectangular notation is slightly more com-
plicated and can pest be visualized by looking at the drawing
showing one component in the standard direction and one com-
ponent in the direction.

*J

I
!
I
|
|
|
I
|
|
|
1

23. We can calculate the comporent values of the inductive branch
current (IR - jt, ) by applying the trigonometric functions to the
vector diagram shown in Frame 20.

The resultant is represented by the current l2 (7.1 a /-45°),

To find the resistive value (IR), apply the cosine function
i

Cosine = R

2
by rearranging the equation we get
'R = Cosine I2

Cosine /-45° = 0.707

{C0S /-45% x 7.1 a or € a, Note: We are not attempting to
say that you vector current 1n a series circuit. We are
simply converting a vector representing that current from
polar notation to rectangular notation.)

ERIC

Aruitoxt provided by Eic:
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2k, Similarly, the magnitude of |  1n the -j direction can be

caiculated from the trig rela%ionship

SIN /0 = Lﬂg¥fillg
2

Then, the inductive element of I2 =

(SIN /-58° x 71 acr - 45 a)
25. Now we can write |, 1n the rectangular notation,

2

(58 - 5 a)

26. The total current for the circuit in rectangular notation is

the sum of ‘l and 12.
I1 =2 a+ ;0
l2 =53 - 415 a
IT =
(7 a - j5 a)
27. Now that we have a value for I_ in rectangular notation, we
can convert to polar form using trigonometric functions.
7a o
e} o
5a 3y

1

|
The /0 €an be calculated using the tangent.

TAN /8 =

From the trig tables
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28. The magnitude of i_ can be found using the equation for the
cosine of the phase angle-

(86 a /-355°)

29. Reca!l that any coil contains scme resistance. A high-Q

coil contains o resistance or Reff than a low-Q
corl,
A rule of thumb tc follow 1s that if the Q of a corl is

greater than 10, the effective reststance s negligible
and can be considered

{(Tower, zero)

30. To prove the statement made tn frame 29. We will weork a
problem first with a low Q corl, then in the foliowing frame
replace i1t with @ high-Q ¢zl and rework the crrcuit.

! Soive for N

| 2. 2 of branch 2

i
S e —_
i !
L o
EA 00V § R sofl | !
; ;§ EXL 4 b (rectangular)
|
| :4005' .
Lo — ot f
o, IT .
7 ZT
X
4
0 Q=g =35=1.33
Teff
2 22 = 30 + J“O = 50 » /+33.]°

£ 100 /0° v
a A

3 |2=2—2-=m=28/'53-]
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Y. lp = (cos /-53.1 )(12) = (SIN /-53.1°)(2)
(0.6004) (2) (0.7997) (2)
12 -416
g, 100 /0° =2 /0°
> W T TR
6 l]= 2+ j0
= 1.2 - j1.6
I =372" 317.6 (REC)
2.68 /-26.6° a (polar)
£, 100 /0° v \
7. ZT=‘I—T'=§.—S~8-776‘6°= 28 0 /+26.6 )

31. Replace the low-Q coil with a high-Q.

Solve ftor.
] Q =
== 2. 22 =

]

:RQ, 3.0, {(polar)
N e, 100V g R

-4

1 4 \ -
V] o) N o (Rec)
i L
;40(25 N =
e ot
6. |T =
7 ZT =
X
L Lo
8 Q = — = = 10
Reff v

2. 22 =14 + ;40 = 40.28 @ /+84.3°

E. 100 /0° v

a

3. 1y =3y Toag R T M8 e 8T
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4 e = (cos /-84.3°)(2.48) = 0.236 a
o= (SIN /-84.3°)(2.48) = 2.37 a
E, 100 /0°
R S T
6 A L
L, = 246 - j2.47
;=2 286 - j2 47 (ReC)
3.34 /-47.7° (Poiar)
E, 100 /0°
Tt C Tae foue e T 3006 6.8 )

32 By examining the results computed for branch 2 in frame 20,
(you can see the 22 is very nearly equal to
and /8 is quite close to °, The effects of R
negligible so the branch can be considered purely €

£f are

(xL, 90°, inductive)

YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE
OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER
ALL THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. |IF NOT,

STUDY ANY MEHTOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL
THE QUEST!ONS CORRECTLY.
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SUMMARY
LESSON V

Effective Resistance in RL Parallel Circuits

In Module Thirteen you were introduced to effective resistance

and its effect on the operation of a coil. The Re of the coil

acts as a resistance in series with a pure inductance and reduces the
inductive phase angle from the ideal 90° to something less than this,
depending on the value of Reff in respect to XL.

If the ratio of X to R . (Q) is less than 10, the effect of
Reff on circuit action must be taken into consideration. Ffor example-

in this circuit, the effective re-

r sistance of the coil is represented
as a resistor 1n series with the
r1-1 coil. The effect of this series
) N . .
! :R,4¢ " resistance increases the impedance
! :Kﬁ7 of the inductive branch and reduces
: ! the phase angle from the ideal 90°.
0V €, '00v R woll ! :
; 'x, 60{1
|
!
Ly

The impedance of the resistive branch is equal to the value of the

resistor (2, = 100Q). The impedance of the inductive branch is
2, =10 + 180 or 610 /80.6°.
The branch currents can now be computed by Ohm's Law
100V . . 100v am o
']—]OOQ_]a/O |2-W—l.6ha/80.6

Before the branch currents can oe added, they must be converted from
polar form to rectangular torm.

Branch one current = 1 /0° =1 + 0
Branch two current = 1.64 /-80.6° = 0.268 - i 6}
Total current = 1. + j0

0.268 - ;1.6

1.268 - j1.61
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Total circuit current and circuit phase angle can now be found by
converting the rectangular representation for I_ to poiar form

T
IT =215 a /-51.8°
Recall that Q is determined by the ratio of reactance to resistance
X
within the coil, ¢ = Ei. A coil with a low X to R ratio has a

low Q and therefoure cannot be regarded 9s a pure inductance.

As long as the Q of a coil remains 10 or above, the effective re-
sistance 15 considered negligible and the shift in /6 1n the
inductive branch need not be considered. !f the Q of the coit is
below 10, however, the effect of its resistance on the circuit is
cignificant and must be considered.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YGU MAY
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH.
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS
CORRECTLY, GO TO THE NEXT LESSON IF NCT, STUDY ANOTHER METHOD OF
INSTRUCTION UNTHL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.
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OVERVIEW
LESSON VI

Parallel Resonance Experiments

In this lescon you will conduct some experiments with a parallel
RCL circuit operating at a range of frequencies including the

resonant frequency

You will require
-NEAT Board 8
-Audio Signal Generator
~Multimeter

You will perform the following experiments

-determining fo by ILlNE

-determining fo by lC and lL

-effects of changing Q

-effect of fo of varying ¢

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES
ON THE NEXT PAGE.
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LIST OF STUDY RESOURCES
LESSON Vi

Parallel Resonance txperiments

Since this lesson consists of experiments, there 1s only the narrative

There are no other study resources and no progress chacks.

TURN THE PAGE AND BEGIN THE NARRATIVE.
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LESSON VI

Parallel Resonance Experiments

for this set of experiments you need NEAT Board 8, a signal
generator, and your multimenter.

Observe that the NEAT Board has three parallel branches. We will use
only the capacitive and inductive branches for our experiments. Also
observe that in the inductive branch, by changing $-803, we have an
option of adding one of three different valued resistors or of not
having any resistance 'n series with the induyctive leg.

The basic circuit for the experiments looks like this

A :
Notice that ammeter connections are indicated for \ , and
| Your meter leads will be connected in the cowmon Eest points

TL 806 and T_ 807 on the NEAT board, and the setting on $-802 will
dBtermine wh¥ch current measurement is being taken. For example,
if $-802 s 1n the M-{meter) 801 position, you will be reading
line current as .ndicated by the meter face M-801.

Now perfcrm the eaperiments.

Step 1. Setting up NEAT Board

1. Set $-80} to the ON position.
2. Set $-806 tc position A.

3. Set 5-802 to M-BO1l position

4L Set 5-803 to position A.

5. Set S-804 to the OFF position.
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Step 2. Setting Up Audio Signal Generator

!, Put bard selector in position C

2 Select sine wave position

3. Turn frequency control all the way counterclockwise.

4. Turn amplitude control all the way clockwise.

5 Plug in signal generator and turn on power switch. (The
red power-available light should glow.) Allow a few

minutes for warm-up,

6. Connect test leads to output jacks (black to bottom
termtnal)

7. Insert other end of test leads to NEAT board terminals
Tp -802 and Tp—803 (black to Tp-803).

Step 3. Setting Up Simpson 260

1. Set up Simpson to read DC current on 10 ma scale.

2. Insert test leads from Simpson to terminals T -806 and
Tp-807 {black to Tp-806). P

Experiment 1 - Determining fo by lLINE

Step 1. Slowly raise the frequency control of the signal generator
Y q 9 g
and observe tne current reading on the meter,

Step 2 By manipulating the frequency control, tune the signal
generator to the frequency where line current is

minimum and keep it there. This is fo

What does the range dial indicate resonant frequency to

be?
I'f frequency is varied above or below f |, does | in-
o LINE
crease or decrease?
Notice fo s approximately 4.2 KHz. increases when applied

N
frequency varies either above or below # ¢
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i - i f by i d
Experiment 2 Determining o OV oo lL

Step | Switch $-802 to M-802 position. You well now be reading

lc.

Record reading

Step 2 Switch $-802 to M-8B03 position. You will now be reading

'L'

Record reading

What condition exists when lL equals ICY ) N
What other circurt quantities must be equal In
order for IL to equal lﬁY _

approximately 3 47 ma

C

'L = approximately 3 47 ma

When 'L and lC are equal, resonance exists.

In an 1deal tank, if ‘L equals iC' then XL equals XC

Experiment 3 - (hanging Q

Step | Put S-802 back to the M-80) position. You are
reading lLINE again Tune signal generatcr again to
ensure you are st:l! at fo

Step 2 While switching $-803 from position A to position B,
€, and D 1o add different values of resistance, note
the meter reading at each position.

Has ‘LINE increased or decreased? .

In what position 1s resistance greatest?

In what position 1s Q lowest?

In what position 1s £ greatest?

]LiN
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increased

,LINE —_—

Resistance 15 greatest (n posttion D.

Q s lowest In position D,

lLlNE 15 greatest 1n posittion D,

Step 3 Place S-B03 back to position A.

Experiment 4 - Changing fo by Varying Capacitance

Step I Place S-806 i1n position 8.

Step 2. This places variable capacitor (-80' in the circuit,
Turn C-80) fully counterclockwise.

Step 3 Adjust signal generator until ‘LINE is minimum
What is new fo7

Step 4 Agjust €-801 to center or midrange position.

Step 5  Adjust signal generator until PUiNE 'S minimum
What 1s new fo7

Step 6. Adjust (-80) fully clockwise.

Step 7 Adjust signal generaior for minimum line current.

Step 8 Record new fo

13,6 KHz, 18 KHz, 25 kHz

NOTE When adjusting for m'nimum IL'NV’ down scale multimeter
as you approach 0 ILINE'
L1
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When you decreased capacitance did you cause XC to
increase or decrease?

When XC changed, did lC increase or decrease’

Why did you have to raise frequency to reach a new
f 7
o]

XC Increased

|C decreased

The decrease i1n capacitance caused the circuit to resonate at a
higher frequency

TURN SIGNAL GENERATOR OFF UNPLUG ALL TEST LEADS. UNPLUG SIGNAL
GENERATOR

Return the NEAT board and signal generator to the materials center

Study the resonant characteristic curve for a parallel circuit
shown below How does 1t compare with your results?

e | MPEDANCE —

o]

e - EREQUENCY

AT THIS POINT, SEE YOUR LEARNING SUPERVISOR FCR FURTHER INSTRUCTIONS,

12
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funce.
dcs (ST [{ n o 0 2" t) 3) 0 o4v ' ;O Q6 o} v 0 8 0 99

8:0 0 0000 0 0017 U 003% O V352 N 0026 © C0A7 0 Q105 O 012¢ O 0140 0O 0157
0 cos I 0000 1 0200 L 007 & NUOO v OGO 10Ul D NG9 943 0 9999 0 9399
tan 0 0000 O 0n+7 9 00} C 00 0 OC70 O V087 O 0105 0 0422 0 2140 0 0157

o

s1n 0 0175 0 0192 O 0¢C? 0 027
! cos 9998 0 9998 I 953 v 4997
tan 0 0175 9 {19 0 €204 0 0227

0244 0 0¢ue v 0279 0 0297 0 0314 0 033¢
G817 0 Y7910 9739 9996 € 9995 0 9995
0244 0 026¢ 0 079 0 0297 0 0314 O 03132

<
o D o«
o

sin 0 0349 0 030H 0384 0 0401
2 cos [ 09997 0 9973 9993 G 9992
tan 0 0349 0 0367 O 0%¥%4 0 0102

o

G419 4 Ca3k 0 0454 0 04/, O 0488 0 0500
999 0 QA4YGn 9990 0 9989 0 9968 0 9987
04'9 2 0437 ( 0454 0 0472 © 0489 0 vS07

2
[T S -

sin 0 0523 0 054) 0"°R O 6576
3 cos | 0 9986 0 9985 91 0 9983
tan 0 0%24 0 0542 0 0559 0 0517

o

0993 0 uhl0 0 0628 0 045 0 06L3 0 0680
9782 (0 99&:r N 9980 0 9979 0 9978 0 9977
0594 0 0612 0 00629 O 0h4/? 0O Otn1 0O Oc82

[=]

<

sin 0 0698 0 0715 0O 07¥ 0 0750
4 cos ; 0 9976 0 9974 0 9973 0 442
tan 0 0699 0 0717 O 0734 0 0752

0767 0 0785 0 U802 O 0819 O 0837 O 0854
9971 0 790% 0 9908 0 9966 0 9905 0 9963
0759 0 0747 O 0805 O 0822 O UB40 0 0857

D OO

sin 0O 0872 0 089 0 090 0 0924 054" 0 0@5% 0 0976 0 0963 0 1011 O l023|
S cos | U Y362 U 9960 0 9957 0 @357 0 995b U 9954 0 9952 9951 0 9949 0O 9947
tan 0 0875 0 0892 0 0916 0 09i8 0 0945 0 CSo3 O ¢981 0 0998 0 10lv 0 1033

—
o

s1a 0 1045 0 1063 0 1052 C 1097 0 1115 0 1132 0 1149 0 1167 0 1184 0 120}
6 ccs | 0 9945 0 9942 0 9942 0 970 G 993R 0 Q935 0 9934 0 9932 0 ¥930 0 99238
tan 0 1051 0 1069 0 10&kuv O 1.04 1122 0 1139 0 1157 0 1175 0 1192 0 1210

<

sin € 1219 0 1236 0 1253 0 12/1 0 1283 0 .36> G 1323 0 1340 0 1357 23 1374
7 cos | 0 9925 0 9923 0 9921 0 U9i% 0 9Y'7 0 9914 G 3912 0 9910 O 7907 € 939054
tan 0 1228 0 1246 0 1263 2 1281 0 Y¢99 0 1317 0 1334 0 1352 0 '37C O ‘388;
san 0 1392 0 1409 0 116 0 1444 0 1450 0 178 0 1495 0 1513 0 'S30 0 1947
3 cos | 09903 0 9900 O 9&%28 0 9895 £ 64833 0 9°9n (O OR8B O 9885 0 9882 0 98O
tan 0 1405 0 1423 0 1441 0 1439 0 1aT0 0 1395 ) 1512 0 1530 0 1518 O 1566

s'n 0 1564 0 1582 0 1599 0 1ul6 0 Yi3? v (650 0 1668 0 168S 0 1762 0 1719
7 cos | 09877 0 9874 0 9&7) 0 7269 0 9L 6 0 u8n3 V 9BLC 0 9857 0 98654 L 92514
tan 0 1584 0 1602 © 1020 C 1635 0 16,3 v 1A?2YV 0 (89} 0 1709 0 1727 0 174%

’ sin 0 1736 0 1754 0 1771 0 !748 0 1805 © 13.2 0 1840 0 1857 0 i874 0 ladl
10 vous | 0 784% 0 QR4S 0 9RB4Z 0 9839 0 9Zl. 0 3833 0 9829 0 9326 0 y¥23 0 9820,
tan O 1763 0 1781 0 1799 0 1517 9 lad> 0 1853 0 1871 0 183¢ 0 1908 O 1025

san 0 1908 0 19225 0 442 0 1774 ) 1977 } 994 0 2011 0 2028 0 2045 0 2002!

11 cos | 0 Q814 0 7313 0 98,C 0 980, 0 FSNY 0 ¥I6T 0 9I96 0 7992 0 9782 0 °73>!
j tan 0 1744 0 1962 0 1980 0 19%% O ¢Uin 0 055 0 20%3 0 2071 o0 208y © 21')'|

s n 02079 O 209, 0 2113 0 2150 O 2 oaT ¢ 2ir4 O 218Y 0 2198 0 2% 3 223

12 cos | 0 3781 0 47279 0 9274 0 3270 0 S onT 0 97K £ 9759 0 975¢ 0 951 0 0t4¥
ran 02126 0 2144 0 2152 0 2'en 0 %3 0 21T 0 2235 9 2451 0 2272 6 205

| 5.0 N 2270 N 2207 N 2T 0 X2Tan 0oz s 0233 0 2351 0 M3y 0 2385 0 2402
[13 Coas | M G744 0 9TH0 0 37T 0 st T on 3ige n 4 0 0220 0 9T~ 0 9711 0 QT
| ol n chaa 0y S32. 0 2398 0 e, 1 0 382w 4% 0 2al9 0L Ladd 0 Sa3n 3 latey
- Jtan bncone d ey 9@t 0 vt R e At 6 eeld Gt 0 cdre 9 el
t [V
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deg | o 0 0° 0 1° 0 ° 030 »w° o s° 0 6° o ?° 0 8° 0 9°
ain 0 2419 0 2436 0 2453 0 2470 0 2487 0 21504 0 2521 0 2538 0 2S54 0 2571
4 coes |0 3703 0 9699 0 9494 0 9690 0 9086 0 9681 0 9677 0 9673 0 96LE 0 G664
tan |0 2493 0 2512 0 2530 0 2549 0 2568 0 2586 0 2605 0 2623 0 2642 0 2v61
san |0 2588 0 2605 0 2622 0 2637 0 2656 0 2072 0 2639 0 2706 0 2723 0 2740
19 cos [0 9659 0 9655 0 9650 0 Q625 0 Y641 0 9636 0 9632 0 9627 0 9622 0 9ni?
tan 0 2679 0 2698 0 2717 2736 0 2754 0 2773 0 2792 0 28!t 0O 2830 O 2849
1N 0 2156 0 2773 0 2790 O 2807 0 2823 0 2840 0 2857 0 2874 0 2R90 U 2907
16 cos |0 9613 0 9608 0 9603 0 9392 0 9593 0 9388 0 9583 0 9578 0 9573 0 9568
tan 0 2867 0 2886 0 2905 0 2924 0 2943 0 2902 0 2981 0 3000 0 3019 0 3038
1N 0 2924 0 2940 0 2997 0 2974 0 2990 0 3907 0 3024 O 3040 0 3057 0 3074
17 cos ;0 9563 0 9558 0 9553 0 95-% 0 9532 0 9537 0 9532 0 9527 O 9521 O 9516
tan |0 3057 0 3076 0 3096 0 3115 0 3134 0 3153 0 3172 0 3191 0 321 0 3230
sin 0 3090 0 3107 0 3123 0O 3140 O 3156 0 3173 0 3190 0O 3206 0 3223 0O 3239
18 cox [0 9511 0 9%50S% 0 9500 G 9474 0 G489 0 9483 0 9478 0 9472 O 9406 0 9461
tan 0 3249 0 3269 9 3288 0O 23u7 0 3327 0 3346 0 3365 0 3385 0 3403 O 3424
sin 0 3256 0 3272 3289 0 %305 0 3322 0 3338 0 3355 0 3371 C 3387 0 3401
19 cos |0 9455 0 9449 9144 0 9438 ¢ 9432 0 9420 0 9421 0 941S 0 3409 O 9403
tan 10 3443 0 3463 3482 0 3502 © 1922 0 3541 O 3361 0 3581 ¢ 3600 O 3,20
sinv 10 3420 0 3437 0 3453 0 3469 0 33R6 0 3502 0 3518 0 3535 O 3531 O 3547
20 cos |0 9397 0 9391 0 9385 0 93/9% 0 9373 0 9367 0 9361 0 9354 0 9348 0 934l
tan 0 3640 0 3659 0 3679 0 3699 0 3719 0 739 0 2/59 0 37?7 0O 27%9 Q0 3819
s1n 0 3584 0 3600 O 3616 0 3633 0 3579 0 3655 0O 368) 0 3697 0 37t4 0 3’30
21 cos |0 3336 0 9330 0 9323 0 9317 0 9311 0 9304 0 9298 0 929! 0O 9285 0 927%
tan 0 3839 0 3859 0 3879 0 3899 0 3919 0 3939 0 3959 0 3979 0 4000 © 4020
s 0 346 0 3762 0 3/78 0 3735 9 3IBL) 0 3827 0 3843 0 38359 0 3875 0 3RO}
22 cus [0 9272 0 9265 0 9251 0 G252 D 32-45 0 9239 0 9232 0 9225 0 9219 O 0232
tan |0 4040 0 4061 0 1081 0 410) 0 4122 0 4142 0 4153 0 4183 0 4204 O 1224
sin 0 3907 0 3923 0 3733 0 39-3 N 39 0 3987 0 4003 C 4019 0 403> C 409,
23 cos 10 9205 0 4198 0 219} 0 9164 D 0173 0 9171 0 9164 0 9157 O 2150 0 9143
tan 0 4245 4265 0 a2Rb 0 4377 0 4327 0 1344 0 4369 0 4390 0 441! O 443
sin 0 4067 0 4083 0 4099 0 4115 QO 1120 0 4.47 0 413 0 4179 9 4195 © 4210
24 to? [0 9135 0 9i28&8 0 9121 0 %1'4 0 7.07 0 4100 0 3072 U 2085 0 9078 © 9070
tarnn {0 445¢ 0 4473 0 4493 0 4515 N 4a33h 0 4557 0 45783 0 4599 0 4621 O 4642
i 10 4226 0 4242 0 A2%8 0 4271 0 448N 0 1303 0 4321 0 4337 0 43%2 O 43»8
S ros 10 9063 0 9056 0 S48 0 90 N 973 ) 902 0 9013 0 Q01) 0 9003 O 877
tan [0 4063 0 4684 9 4706 0 4727 0 4747 0 42720 0 4791 0 4813 0 4%34 & 4854
sin |0 4384 4390 0 4415 0 4421 D115 0 44RO 4178 0 4493 0 4509 O 48214
b cor |0 B9BR 890 0 B273 0 83,5 N 8T ) 1945 0 B8)42 0 8934 0N PC26 O BCLS
tan 0 4877 4899 0 a7z} 0 4" 42 O +9u4 ¢ 49246 0 SCOB 0 5026 0N 3931 0O 5073
sin D 4%40 0 455% 0 S°7) 0 AS 5 N2 D dnlT 0 4633 0 4638 0 dh64 O 46
V7 ' cos 10 B210 0 Y02 0 SR 0 SN, S Rt 0 KT 0 SKn2 0 BBSYT 0 BR4AL O RL3N
tan ln 095 0 ')ll'-___n 1300 ] 't__\wl B 00 2228 0 )_Z‘f’ _U__SZ7Z C :i_’_s
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egl non 0 o° 010 0 29 0 3° 0 4° 0 5° 0 6° 0 7° o 8° 0 9°
sin 0 4695 0 4710 4726 0 4741 0O 4756 0 4772 0 4787 0 4802 0 &8¢ 4833
28 cosy 0 8829 0 8821 8813 0 8805 0 3796 8788 0 8780 0 8771 0 8703 8755
tan 0 5317 0 5340 536H2 0 S384 O 5407 0 S430 0 5452 0 5475 0 5498 5520
s1n 0 4848 0 4863 4879 0 4894 0 4909 4924 0 4939 0 4955 0 4970 4985
29 cos |0 8746 0 87138 8729 0 8721 C 8712 0 8704 0 8695 0 8686 0 8678 8669
tan [0 5543 0 5546 5689 0 Stle¢ 0 5635 0 54S8 0 S661 0 S704 O 5727 5750
san |0 5000 O 5015 5030 0 5045 0 5060 50?5 0 S090 0 5105 0 Si20 5135
30 cos |0 BG6EO O 8652 8643 O B6b34 0 2025 0 86i6 0 8607 0 8599 0 8590 8581
tan 0 5774 0 5797 5820 0 5844 O S5%67 O S890 0 S9ta4 0 5938 0 5961 59859
san |0 S150 0 51065 S1R0 0 5195 O 5210 0 5225 0 5240 0 $255 0 5270 5284
31 cos |0 8572 0 8563 8554 0 8545 0 8530C 0O 89526 8517 0 8508 0 3499 849¢
tan |0 6009 0 6032 6056 0 0080 0 6104 O 6128 6152 0 6176 0 6200 6224
sin 0 5299 O 5314 $329 0O 5344 0 5358 0 5373 5388 0 5402 0 S417 5432
32 cos {0 8480 0 847) 8362 0 8493 0 B443 0 8434 0 842¢ 0 8415 O 8406 8396
tan 0 6249 0 6273 626+ 0 6322 0 6346 0 5371 0 6395 0 6420 0 6445 6409
san 0 S446 0 5461 5476 0 S490 0 5505 © 559i9 0 5534 0 $548 0 5563 5577
33 cos 8387 0 8377 §368 0 8353 0 $343 0 3339 0 8329 0 £320 0 8310 8300
tan | 0 6494 O 6519 5544 0 6509 0 6594 0 6619 0 6644 0 6669 0 65L94 6720
sin 0 5592 0 5606 5621 G 5635 0 5650 O Sbbe 0 S678 0 5693 0 S707 5721
34 cos |0 8290 8231 5271 0 b2b1l 0 A2S51 G 8241 0 6231 0 8221 0 821! 8202
tan 0 6745 0 6771 6796 0 6822 O 6847 0 A873 0 6899 0 6924 0 6950 6970
san |0 5736 0 5750 5764 0 S577° 0 5793 5807 0 <821 0 5835 0 S850 5864
35 cos 0 8192 ¢ 8181 8171 0 8161 0 8'S1 0O 814l 0 B13l 0 8121 0 8111 810C
tan |0 7002 0 7028 7054 0 7080 0 7107 0 7133 0 7159 0 7186 0 7212 7239
san |0 5878 0 5892 590(C 0 5920 0 5934 O 5948 0 S$7262 0 597¢ 0 5990 00
3¢ cos |0 8090 8080 8070 O 8059 O Ru49 O 803y 0 8C28 O ROIB 0 80G? 7997
tan 0 7265 0 17292 7319 QO 346 0 7273 0 7400 0 742/ 0 7454 0 7481 7504
sin 0 601”8 0 6032 65046 0 6050 O 6074 0 6088 0 ol0l 0 6115 0 6129 614°
37 cos |0 7986 0 7976 7965 0 795% 0 7944 U 7934 0 7923 0 7912 0 7902 7891
tan 0 7536 0 7563 7990 0 v6ls C WshH € 7673 0 7701 0 7729 0 7757 7755
sain [0 6157 0 6170 6184 0 6198 0 521% 0 €225 0 6239 C K252 O 6266 6280
38 cos |0 7880 0 78,9 7859 0 «B48 0 7837 0 7826 O T¥l> O 7804 0 7793 7782
tan |0 7813 0 784l T859 0 898 0 73526 0 7954 0 7983 0 8012 O 8040 8069
sin 0 6293 0 6307 £320 06 5334 0 H3a 6361 0 537% 0 6388 0 6401 6414
39 ces (0 777t 0 7760 T749 0 7738 nH 7727 T 77l 0 7705 0 7694 0 7683 1672
tan 0 8038 0 8127 Q156 0 81835 N 8214 O R242 0 82723 0 8302 0 B332 82Ah1
sin $0 5428 0 6£44) H453 O bilHh 0 481 0 {494 0 £508 0 6521 0 ©534 £547
Mo cos |0 760 0 70,49 3% D TR272 0 15 0 TeY4 0 7593 0 738l 0 7570 P339
tan |0 81391 842! #4501 0 8,81 T 8311 0 BS4) 0 RS71 0 BLO1 0 8(32 bhod
sin O 6561 0 574 L3870 HHLOO LYY 0 664 0 639 0 £n%52 C ntoS 6L7A
141 cos |0 7547 0 1536 7924 0 7513 0O THLOY (O T4d, 6 7478 0 Tied 0 7453 R
tan g R3O +724 R751 0 P85 v aan O ARIT 0 3RIG N ROIG 0 8941 8172
7\_:\(- B i - - i o -
beel tion 0 00 on N £ 30 ¢ a0 n g0 0 49 0 7 0 & 0 9°
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Appendix BEST copPy AVA!LABLE Fourteen
T Tiom -] ° W
degliwn | 00 0 1Y 029 03 0 qo 950 0 0 70 0 8° 0 9°
sin lo k91 0 4704 0 L7217 0 ©730 L743 0 w75 0 6769 0 6782 0 6794 0 uBO!
42 cos | 0 7431 0 420 0 7408 0 7396 7385 0 73/3 0 7361 0 7349 0 7337 0 7325
tan | U 9004 0 9036 0 90,7 0 9099 9131 0 9163 G 9195 0 922K 0 920 0 9293
sin | 0 6820 O 6B33 0 6845 0 6858 821 0 6884 O 689% 0 6909 0 6921 0 (934
43 cus | O 7314 0 7302 0 7290 0 7278 206 0 7254 0 7z42 0 7230 0 7218 0 7204
ta 0 9325 0 9358 0 9391 0 9424 9457 0 9470 0 9523 0 9556 0 9590 0 9,23
ain | 0 6947 0 6959 0 6972 0 (984 6967 0 7009 0 7022 0 7034 0 7046 0 70359
14 cys (0 7193 0 M81 0 7169 0 7157 70145 0 7133 0 7120 0 7108 0 7096 O 7083
tan | 0 957 0 991 0 97¢5 0 9759 9793 0 9827 0 9801 0 9896 0 9930 G Y9uS
stn 10 7071 C 7083 0 709» 0 7108 120 0 718 0 7145 0 7157 0 7169 C 7181
45 cos |0 7071 G 7059 0 TO04v 0 7034 0. 0 7009 0 b997 0 6904 0 6972 0 L9539
i tan |} 0000 1 0035 1 0070 1 0105 0141 1 0176 ) 0212 1 0247 I 0283 0319
sin [0 7493 0 7206 0 7213 0 7230 7242 0 7254 0 7266 0 7278 0 7290 0 7202
40 (vs |0 947 O 934 0 6921 0 6909 H84u 0 6844 0 6871 0 6858 0 £84% 0 L33
van |1 0355 1 0392 1 0428 | 0464 0501 1 0538 1 0575 1 0612 | 0049 0686
an bo 7314 0 7329 0 7337 0 7349 7361 0 7373 0 7385 0 7396 0 740t 0 7420
a7 cos [0 6B20 © LBO? 0 6794 € 6782 0 6769 0 6756 0 b743 0 6730 0 6717 0 o‘oﬁ
tar 11 0724 ) 070! 1 0353 1 0837 0875 '} 0913 '} 095! 1 0990 } 1028 L0617
ssn |0 7431 0 7443 U 7455 0 7460 7478 0 7430 0 7501 0 7513 ( 7524 0 7536
‘8 cos |0 6691 0 6678 0 LL6ES 0 6652 6639 0 6626 0 6613 0 6600 0 6587 0 6574
tan |1 1106 1 1145 1 1184 1 1224 1263 1 1303 1 1343 1 @383 ' 1423 14€3
sn {0 7547 0 7559 0 7570 0 7581 7593 0 7604 0 7615 0 7627 0 7638 0 7649
49 cos |0 6561 0 6547 0 6534 0 6521 6508 0 6494 0 6481 0 04068 0 6455 0 644)
ran |1 1504 1 1544 1 1585 1 162t 1967 1 1708 ) 1750 1 1792 1 1833 1875
sin |0 72660 0 7672 0 7683 0 7694 7705 0 7716 0 7727 0 7738 0 7749 D T7oC
50 cos 10 L428 O bh4l4a O 640) 0 6348 6374 0 L3W) O 6247 0 63324 0 6326 0 £307!
ran |1 1918 ) 1960 ) 2002 1 2045 2088 1 2131 1 2174 ) 2218 1 2261 230ﬂ
sin |0 7771 0 7782 0 2793 0 T804 7815 0 7826 0 7R3? 0 7848 0 7859 0 7863
51 cos |0 6293 € 6280 0 6266 0 6252 6239 0 6225 0 6211 0 6198 0 6184 0 6170
tan |1 2319 1 2393 1 2437 ) 242 2527 1 2572 1 2631 1 2662 1 2708 2753
sin |0 7880 0 891 0 7902 0 7912 7923 0 7934 0 7944 0 7955 0 7965 7976
52 cos ;0 6137 0 6143 0 6129 0 6115 6101 0 5088 0 6074 0 6000 0 6046 6032
tan {1 2799 1 2815 1 2892 1 273& 2985 1 3032 1 3079 1 3127 1 3175 3222
sin [0 798y 0 997 0 BCOT 0 8018 8G2R 0 3032 0 B049 O 805¢ 0 8070 8080
55 cos 1D (018 0 w004 0 5990 ¢ 3976 5962 0 S948 G 5934 0 3920 0 S906 3892
tan |1 3270 Y 3319 1 337 1 3416 3465 1 3514 1 3364 1 3613 1 3663 3713
|
| sin [0 8090 0 8100 0 Bill 0 312} 8131 0 &)%) 0 R1S1 0 8161 0 8171 ¢ 81%)
B4 cos |0 3878 0 5864 0 S850 0 SH3S 5821 6 5807 0 5791 0 5779 0 5704 0 5730
i tan L1 3754 1 3814 1 38u5 1 3916 3768 1 4013 1 4071 1 4124 1 417v 4220'
| i L0 BIN2 O RDZ 0 Bl 0 R22Y 2231 0 8241 O 8250 0 8261 0 271 0 R2Y
pS cos 10 s 3 n STy 0370 0 Sen SHTE 0 Son4 0 95H5) 0 563 ¢ 5.1 M 3n0’y
§ J tan 1a2s) 213 HIE T S S B N R I S TN B VR S B o3 B I I I 4‘TO£
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func- -
degl von | 0 09 21¢° 0 2° 0 3° 0 4° 0 5° 0 6° n 10 0 8¢ n 9o
0N 0 8290 O 830V © 8310 4320 0 8323 0 8339 0 8248 O 8358 0 8368 o0 8317
56 cos 5592 0 5577 O 5963 0 5548 0 5534 0 S519 0 5505 0 54990 0 5470 0 S461
tan 1 4826 1 4882 1 4938 1 4994 1} 505! 1 5108 1 S1L6 )} <224 1 5282 1 5340
nn 0 B38? O 8396 O K406 O 8415 0 3475 0 8434 O 8443 0 o453 0 8462 0 8471
57 cos 0 544b O 5432 0O 5417 0 $402 0 S538¢ 0 5373 0 5358 0 5344 0 5329 0 5314
tan 1 %399 1 5458 | SSi? 1 5577 1 5637 15697 bov757? I s318 1 5880 I 59l
ain 0 8480 O 84°0 0O 8499 0 8508 O 8517 0 8526C 0 853, 0 8545 0 8554 0 8563
58 cos 0 5299 O 5284 0 5270 0 5255 0 5240 0 5225 0 %5210 0 5195 0 5180 0 5165
tan i 6003 Y o066} 6128 1 K19l 1 5295 1 63:9 1 6383 | 6447 1 6512 1 6577
0N 0 8372 O 8%81 O 8%%0 0 8599 0 8,07 O 86'6 O 8625 0 8634 0 B8L43 0 8652
59 Cos 0 5160 O %!'2% O 5120 0 5109 0 %090 O 5075 O 5060 O 5045 O 5030 0 5015
tan 1 6643 1 6709 1 6775 1 6842 1 6909 t 6977 1 7045 1 7113 1 7182 1 7251
N 0 8660 O 869 O 3576 0 BbBL O 8495 C 8704 0 8712 0 8721 0 8729 0 8738
60 cos 0 5000 O 4385 O 4970 0O 4955 0 4939 0 4924 0 4909 0 4894 0O 4879 O 4803
tan Vo321 1 7391 1 7461 1 75132 1 7603 1 7675 1 7747 | 7820 I 7893 1 7960
ain 0 8746 O 87%5 0 8763 0 8771 0 8”80 0 8788 0 8796 C B80S O 8813 0 8821
6 1 cos |0 4548 O 4835 O 4818 0 4802 0 4787 0 4772 0 4756 0 474} 0 4726 0 4710
tan 1 8040 1 8115 1 8190 1 8265 1 334l 1 8418 1 8495 1 8572 1 86%0 1 8728
sin 0 8829 O 3838 0O 8846 8854 0 8862 O 88?0 O 8878 0 8886 0O 8834 C 8902
16 2 cos |0 45695 0O 4073 O 4664 4648 0 4633 0 4617 0 4602 0 4586 0O 4571 0 4555
tan 1 8807 1 82%7 ) B9&? 1 9057 1 9128 1 9210 1 9292 t 9375 1 9458 1 9542
ain 0 8910 O 8518 0 B8Y26 0 8934 0 8542 0 8949 0 59<? 0 B9S 0 8973 0 8980
63 cos |0 4540 0O 4524 0 4509 4493 C 4478 0 4462 0 4436 0 4431 0 4415 0 4399
tan 1 9626 } a7l 1 @797 | 9RB3 | 9970 2 0057 2 0145 2 0233 2 0323 2 0413
s1n |0 B988 O 899, 0 9003 0 9011 O 9018 O G026 0 9033 0 9041 O 9048 0 9056
6 4 cos 4364 0 4363 0 4352 0 4337 0 4327 0 4305 0 4289 0 4274 0O 4258 0 4242
tan |7 0503 2 0594 2 0586 2 0778 2 GBI2 2 0965 2 1060 2 'iSS5 2 125% & 1348
ain 0 9043 0 9070 © 9078 O 9085 0 9092 0 G100 0 9107 O 9il4 O N2 0 9128
65 cos 4226 0 4210 0 4195 0 4179 0 4i63 0 417 0 4131 0 4115 0 4092 0 4083
tan 2 1445 2 1543 2 1642 2 1742 2 1B42 2 1943 2 2045 2 2148 ¢ l12%1 2 2355
s1n 0 9135 0O 91«3 0 9150 0 9157 0 %64 0 9171 0 9178 0 9184 0 919} 0 919§
66 cos |0 4CH7 0O 405! 0 403% 0 4019 O 4n03 O 3987 0 3371 0 3955 0 3939 0 3923
tan 2 2450 L 2566 2 2673 2 278) 2 288G 2 20998 2 3109 2 3220 2 3332 2 3449
&in 0 9205 0 9212 0 Q219 0 9225 0 ©232 v 9239 0 9245 0 92%2 O 59 0 9265
67 cos |0 2007 0 3837) 0 3875 0 3859 0 3%43 O 3827 0 381! 0 379% C YITH 0 706
tan 2 3559 2 3InT3 2 38O 2 3905 2 4023 2 4142 2 4262 2 4383 2 4504 2 4v?
s n 0 0272 0O 927% 0 3285 0 Q29 0 9298 0 9304 0 931 0 93T 0 9323 0 9330
16 8 cos 0 3746 0 3730 0 37Tt4 0 3807 0O 3B 0 3ubS 0 3045 0 36IY 0 361L 0 3600
tan 2 4751 2 4876 2 5002 2 5:20 2 5257 2 S3IBA 2 SS1T 2 S049 2 S 2 7 S%1w
an 10 N3 Q0YT 9 g9ii8 5o TAay 09351 0t 2367 G 9373 0 9RI0 0 33’S 0 230
Its 4 cos |0 3884 0 35T 0 335, ¢ a35 G 3%1R % 1?8502 0 3afn 0 34N 0 3453 0 3T
2 R RN P-ES B Y P S A SN nLOS 2~ ah 2 mRRY e 3 TR 738
I T B T Tt Tt T T
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func - ) -
[eg | tivn 0 ¢° 0 1° 0 20 0 3° 0 4° 0 5° 0 6° 0 1° 0 8° 0 90

8in 0 9397 0 9403 0 9409 0 9415 0 9421 0 9426 0 9432 0 9438 0 9444 0 9449
70 cos 10 3420 0 3404 0 3387 O 3371 0 3355 0 3338 0 3322 0 3305 3272
tan 2 7475 2 7625 2 7776 2 7929 2 8083 2 8239 8397 2 855¢ 8878
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an 0 9455 C 9461 0 9466 0 9472 0 9478 0 9483 0 9489 O 9494 0 9500 O 9505
71 cos 10 325 0 2239 0 3223 0 3206 0 3190 0 3173 315 0 3140 0 3123 0 3107
tan 2 9042 2 9208 2 9375 2 9544 2 9714 2 9887 006t 3 0237 0595

o

[
[
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w
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nn 0 9511 0 9516 0 952t 0 °527 0 9532 0 9537 0 9542 O 9548 0 9553 0 9558
2 cog |0 3090 2 3074 0 3057 3024 0 3007 2990 0 2974 2940
tan 30777 3 0961 3 1146 3 1334 3 1524 3 171b 1910 3 ¢106 2504
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sin 0 9563 0 9568 0 9573 0 9578 0 9583 U 9588 0 9593 0 9598 O 9603 G 9608
73 cos |0 2924 0 2907 2 2890 2874 0 2857 0 2840 0 2823 0 2807 O 2790 2773
ten 3 2709 3 29%4 3 3122 3 3332 3 3544 3 1759 3 3977 3 4197 3 4420 3 4640

sin 0 9v13 0 9617 0 9622 0 9627 0 9632 0 9636 0 9641 0 9646 0 9650 0 9655
74 cos {0 2756 0 2740 0 27’3 0 2706 0 2689 0 2672 265 0 2639 2605
tan 3 4874 3 5105 3 5339 3 5576 3 S816 3 6059 3 6305 3 6554 7062
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sin 0 9659 0 9664 0 9668 0 9673 0 9677 0 968! 0 9686 0 9690 O 9694 0 9699
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